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FOREWORD 
A PERSONAL COMMITMENT 
For as long as I can remember I’ve been puzzled by the distinction between ‘human’ and ‘natural’ order.  
During my childhood I lived in a small forest which was crossed by a freeway. Whenever people would come 
visit us, they remarked the beauty of the landscape, but they would also touch upon the highway, commenting 
on how it was a sharp contrast to the natural beauty surrounding my house. My puzzling with this dichotomy 
started when I realized that when a bird is collecting twigs in order to build a nest, we tend to call this natural. 
But when humans build homes and, by extension, highways, it is no longer perceived as natural. The general 
explanation people gave me for this distinction was that only humans were able to design their environment 
intentionally, in contrast to the mere pre-programmed development of the natural world. Humans therefore, 
seem to be perceived as if they were the gardeners of nature and transcending the natural order. Although I 
understood this initial distinction, it felt as if something was off. This inexpressible and peculiar feeling of that 
period of time about this dichotomy would become a central theme during my live, and also within this 
research.    
During high school, many of my growing interests where related to this theme, particularly evolutionary 
biology, neuroscience, philosophy and psychology. My experience was however that these disciplines were 
highly interlinked and interdependent, making it very difficult to focus on just one of these perspectives, which 
formed the main reason to enroll at the University for Humanistic Studies, because of its interdisciplinary 
approach. During my bachelor I became particularly interested in the shifting perspective on humanity within 
evolutionary biology. The emphasis on selfish genes, self-interest and competition within the traditional 
evolutionary perspective became criticized by primatologist Frans de Waal (2010), who argued that features of 
being humane such as sociability, morality and cooperation, have evolved gradually over time and formed an 
inherent aspect of the natural human potential. This perspective was supported by the new emerging field of 
social neuroscience and the discovery of so-called mirror neurons, which seem to offer the first plausible 
neurophysiological explanation for social cognition and interaction, such as imitation, empathy and even 
abstract language. The renowned neuroscientist Vilayanur Ramachandran even argued that the discovery of 
mirror neurons could be as important to psychology (and for me also to Humanistic studies) as the discovery of 
DNA for biology (In: Iacoboni, 2008, p.13-15). These insights from evolutionary biology, primatology and social 
neuroscience were, in my opinion, substantiating the core ideas of humanism without the need to decouple 
humanity from the rest of nature, which was the conclusion of my bachelor thesis. The shifting perspective 
from competition between self-interested individuals to social cooperative networks is also a central issue 
within this research.  
My focus during my masters shifted from the evolutionary perspective on the features of humanity toward the 
unsustainable relation between the human technocratic society and its surrounding environment. Again, the 
dichotomy between human and natural order played a central role. This subject was part of the graduation 
variant of Critical Organization and Intervention Studies, where I was particularly inspired by the course of 
Politics of Change by Fernando Suarez Muller. Within this course I got to read ‘Gaia, a New Look on Life on 
Earth’ by James Lovelock (1979), which was probably the most amazing book that I had ever read. It was 
through this book, that I became familiar with the fundamental laws of thermodynamics and a whole range of 
new concepts, such as entropy, open non-equilibrium systems, self-organization and complexity, which indeed 
changed my perspective on life on earth. At the end of the course I wrote a paper with the title: ‘An organic 
perspective on human society’, which intended to show that even the intentional designing of our environment 
was not a decoupling of the natural process, but rather an extension of the same process on a higher scale. 
Herein I coined the term ‘extended metabolism’, which refers in essence to the idea that our bodies, combined 
with our preferable designed environment (houses, roadways, factories, agriculture) are forming a higher 
organic structure with its own metabolism. After submitting the paper I continued my research on this topic 
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and eventually discovered the work of co-founder and former director of the Santa Fe institute, Geoffrey West. 
In one of his TED-talks (2011) he asks the audience the following question: Are these different versions of the 
same phenomenon? 
 
Figure 1: Versions of the same phenomenon? (Lecture: West, 2011)  
West’s answer is that they are indeed different versions of the same phenomenon of life, which he 
substantiated by showing that the almost universal ratio between body mass and metabolic rates within 
organisms, from single cells to whales and forests, also seem to be valid for human cities (although, socio-
economic factors do scale differently). This so-called metabolic theory of ecology gave me the confirmative 
feeling of thinking in the right direction.   
Then, inspired by documentaries like Peter Joseph´s Zeitgeist series (2007, 2011) and Ross Ashcroft´s Four 
Horsemen (2012), I became increasingly interested in critical analyzes of our current socio-economic structure. 
These documentaries argued that the socio-economic structure of our modern human society, with special 
emphasis on its underlying monetary system, is systemically causing a whole range of unsustainable effects, 
with the infinite growth paradigm as central issue. The Zeitgeist series by Peter Joseph was, however, slightly 
connoted as a conspiracy theory, and thus not a very sound basis for a scientific research. But during my 
internship I came across the works of Bernard Lietaer, Charles Eisenstein, Howard Odum, Henk van Arkel and 
Herman Daly, who were confirming the statements within these documentaries. Lietaer even stated that ‘’any 
attempt in striving for sustainability without restructuring our monetary system is naïf and doomed to fail’’ 
(Lietaer, 2012, p.29). As a student of Humanistic and Critical Organization Studies, this claim sounded of utmost 
importance, especially when one considers that the environmental disasters caused by our own organizational 
structure, could have the potential severity to extinct the human race, all within a not all too distant future.  
The main dichotomy then, that I would like to address within this research, is the contrasting idea of the 
infinite growth of the human economic system against the finiteness of the planetary potential. If we could 
look at the earth from a distance, like the Dutch astronaut Wubbo Ockels did from space, it is almost as if the 
earth is like a petri-dish filled with nutrients, and human economic society the bacteria that has grown 
exponentially since the first industrial revolution. Ockels even equated human society in his final speech on his 
deathbed, with the cancerous disease he would die from the next day.  
 
Figure 2: Looking at the development of human society from a larger spatiotemporal scale. 
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INTRODUCTION 
THE RETURN TO OIKONOMIA 
The main problem that will be addressed within this research is the seemingly inevitable collision between the 
required perpetuation of exponential economic growth with the tangible limitations of the planetary resources, 
regenerative capacity and the relative stability of the climate. A discrepancy seems to exist between economic 
and ecological theories on economic growth. This is strange because the concepts  of ‘economy’ and ‘ecology’ 
are both derived from the Greek word ‘Oikos’, meaning ; the ‘regulation of the household’ (Orell, 2010, p.214). 
The ‘nomos’ or ‘rules’ of the economic household no longer seem to be compatible with the ‘logos’ or ‘logic’ of 
ecosystems. ‘’The return to Oikonomia’’ then, refers to an attempt to reconcile the economic and ecological 
household by exploring and connecting the logic of ecosystems with economic theory. Oikonomia aims to be 
compatible with the ecological limits, while maintaining economic prosperity and wealth by incorporating the 
logic of sustainable growth patterns and dynamics within and between living networks. The central notion 
derived from eco-systemic logic is that exponential growth curves of living networks belong to a particular self-
organizing phase (competitive phase), followed by a complementary phase which generate a relative steady-
state configuration that stands within a sustainable relation to its environment. In order to incorporate these 
notions within our economic structure we need to look deep into the systemic heart of our socio-economic 
system and consider some fundamental shifts, which is also related to the classical distinction between 
chrematistics (the art of acquisition and money making - accumulation of exchange values by means of 
commerce and/or speculation) and Oikonomia (the art of household management and the art of living well) 
(Aristotle 1967, Daly 1989, Stahel 2006). My presumption is that our current socio-economic system is 
developed in accordance to the challenges and opportunities within a context that was suitable for a 
competitive phase, but while the current context has changed, the rules of the socio-economic system still 
strive toward (and even necessitates) goals that belong to the former context. Therefore I’d like to explore the 
possibilities for the active embodiment of the complementary phase in regard to the human economic system 
and its environment, which I refer to as the return to Oikonomia. But before we go deeper into this, we need to 
elaborate the importance of this research project by showing the problems of our current systemic crisis.    
A SYSTEMIC CRISIS 
The major problems that we face today can be described as a systemic crisis at the following three levels: 
ecological, economic/financial and socio-cultural. This is a systemic crisis because the problems are interlinked 
and interdependent, and resulting from the inherent dynamics of the socio-economic structure itself 
(Heinberg, 2011, Capra, 1996, 2002., Lietaer, 2012., Beinhocker, 2007).   
  
THE ECOLOGICAL CRISIS:  
In 1972, the Club of Rome published The Limits to Growth report which warned that if growth rates seen 
between 1900 and 1972 were to continue, humanity would overstep planetary boundaries sometime between 
2000 and 2100. In 2009 an article was published by Johan Rockström, W.L Steffen and 26 co-authors with the 
title: ‘’Planetary Boundaries: Exploring the Safe Operating Space for Humanity’’. The concept of planetary 
boundaries is an attempt to quantify the boundaries of the “planetary playing field” for humanity if we want to 
be sure of avoiding major human-induced environmental change on a global scale. The group identified nine 
"planetary life support systems" essential for human survival, and attempted to quantify just how far seven of 
these systems have been pushed already. Beyond these boundaries, there is a risk of "irreversible and abrupt 
environmental change" which could make Earth less habitable. The boundaries are although "rough, first 
estimates only, surrounded by large uncertainties and knowledge gaps" that interact in ways that are complex 
and not well understood. The following figure shows the results of their research, in which the present 
situation is related to their assumed safe zone (represented in green).  
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Figure 3: Rockström et al., 2009: Planetary boundaries 
What this figure shows it that three planetary boundaries already exceeded their estimated safe zone.  When 
an environmental shift would occur, ecosystem services that are essential for human economic society, like raw 
materials production, pollination, biological control of pests and diseases, water supply and regulation, waste 
recycling and pollution control, nutrient cycling, soil building and maintenance, disturbance regulation, climate 
and atmospheric regulation, may heavily outbalance and no longer support the necessary conditions for 
modern industrialized society. Although the validity of planetary boundaries model is still under debate, the 
notion that human economic society has exceeded the carrying capacity of the earth is also supported by the 
Ecological Footprint model (Living Planet Report, 2014). This model suggest that humanity’s demand on nature 
has exceeded what our planet can replenish, and that we currently require 1,5 planet to provide the resources 
we use and absorb our waste and estimated the requirement of 3 planets in 2050 if current trends continue. 
Considering the fact that the physical reality of the earth contains a limited carrying capacity, the notion of 
infinite economic growth seems utterly flawed.  
 
THE ECONOMIC AND FINANCIAL CRISIS: 
The fundamental crisis that exists within the human economy and the financial world, is that the current 
system is based and depends on an infinite growing economy. We may state therefore, that the infinite 
economic growth paradigm is currently within a catch-22 position, because it’s logical on the one hand, to 
assume that the continuation of unlimited economic growth will eventually turn out to be unsustainable, since 
we live on a planet with finite resources. But on the other hand, stagnation or even a decrease in economic 
growth, at least within the current system, will lead to a recession as a spiral of economic degradation with 
increasing levels of unemployment and unsustainable debts. Especially the enormous debts that are already 
present within the current system seem to leave no other possibility than the continuation of further growth. 
The current underlying monetary system then, which inherently seems to generate these debts, should 
therefore no longer be perceived as an independent and neutral aspect of the human economy and really 
needs to be reconsidered against the upcoming ecological circumstances (Lietaer 2012, Arkel 2014).  
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THE SOCIO-CULTURAL CRISIS:  
The crisis on the socio-cultural level consist of multiple facets (here I’ll appoint to some of them). One central 
issue, as pointed out by Thomas Piketty (2014) and Bernard Lietaer (2010, 2012), is the diverging inequality 
within the distribution of wealth, which might result in severe destabilizing effects within human society. 
Another is about consumerism and the experience that that greater material consumption does not seem to 
contribute to increased health, well-being and happiness (Daly 1989, Bregman 2014, Capra 2009, Scharmer 
2013, Joseph, 2014). This means in extension, that an increase in Gross Domestic Product as measurement of a 
healthy economy, is not a measurement of the well-being of its members, though it’s still the primary goal of 
the economy. A third issue is concerning values (Scharmer 2013, McMurtry 2013, Felber 2010). Christian Felber 
states for example that the values we treasure within our personal lives, like trust, honesty, respect, empathy 
and cooperation, are very different from the values we apply within the free market-economy, which is based 
on maximizing self-interest and competition. This contradiction, according to Felber, isn´t a flaw within the 
midst of a complex world, but becoming a cultural catastrophe that is splitting our inner worlds, both on the 
individual as the societal level (2010, p.21).  
INVESTIGATING THE COMPLEX SYSTEMIC CRISIS 
‘The major problems of our time - energy, the environment, climate change, population growth, food shortages, 
economic and financial crises - cannot be understood in isolation. They are systemic problems, which means 
that they are all interconnected and interdependent’ (Capra, 2009, p.11). 
Because of the interconnectivity and dependency, we somehow need to discuss the whole complexity of the 
systemic problems in order to work toward possible solutions. The notion of the traditional reductionist model 
wherein we divide the problem into separate and manageable pieces is falling short when it’s about a complex 
phenomenon. Paul Cilliers argues indeed that ‘In ‘cutting up’ a system, the analytical (reductionist) method 
destroys what it seeks to understand’ (Cilliers, 1998, p.2). But because the issues described above are so 
extensive, it becomes very important to have some demarcation, especially for this relatively limited graduate 
research. The approach that I have chosen to use within this research is based on the theory of complex 
systems, which emphasizes the macro-scope and focusses on patterns. In order to elucidate this, I will shortly 
describe the complexity paradigm by distinguishing it with the classical mechanistic paradigm. Table 1 is 
summarizing the main differences between the paradigms based on the works of James Gleick (1989), Edgar 
Morin (1999, 2008), Fritjof Capra (1996, 2002), Joël de Rosnay (1979) and Paul Cilliers (1998). 
 
Table 1: Mechanistic vs Complexity paradigm 
CLASSICAL MECHANISTIC PARADIGM ECOLOGICAL COMPLEXITY PARADIGM 
WORLDVIEW (ONTOLOGICAL) 
Clockwork universe Evolving universe  
Atomistic Holistic 
Primacy of order Relation between order and chaos 
Objects Relationships 
Linear causality Non-linear causality 
Determinism Creativity, novelty and emergence 
Certainty Uncertainty  
Static  Dynamic 
Independencies Interdependencies  
Separation  Interconnectivity 
Objective world Bringing forth ‘a’ world 
Hierarchies  Networks  
SCIENTIFIC INQUIRY (EPISTEMOLOGICAL) 
Disciplinary and specialized research  Inter- and transdisciplinary research 
Reductionist Holistic (systemic) 
Analyses Syntheses  
Rational Intuitive  
Quantitative  Qualitative 
Measuring  Mapping of relationships 
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Micro and Telescope Macro-scope 
Predictability and control Responsive capacity 
Causal mechanisms (Recurrent) patterns 
VALUES (ETHICAL) 
Expansion Conservation 
Competition Cooperation 
Quantity Quality 
Domination (Control) Partnership 
 
RESEARCH METHOD:  
The method used for this explorative research is a comparative and transdisciplinary literature study. The main 
theme of this research concerns the tension between the infinite growth paradigm of eco-nomos and 
sustainable configurations of the eco-logical. The main literature sources are sought within the field of 
ecological economics which inherently combine insights from both the economic and ecological perspectives. 
The main authors from this field are Herman Daly (1989, 2004, 2014), Nicholas Georgescu-Roegen (1971) and 
Howard Odum (2007). These authors made extensive studies for incorporating thermodynamics into economic 
theory, and thereby addressing the importance of energy, environmental stability and economic sustainability. 
These authors are celebrated in their selective fields, but still largely ignored within the traditional economic 
theory. James Lovelock (1979, 2006), Fritjof Capra (1996, 2007), Peter Corning (2005) and Alexei Kurakin (2007, 
2009) focused on ecological complexity in combination with sustainability, in order to get a deeper 
understanding of eco-systemic logic of sustainable configurations. Then we also searched for authors who have 
written a societal/economic critique based on the ecological complexity paradigm (holistic complexity1), here 
we found authors like Eric Beinhocker (2007), Jeremy Rifkin (2009, 2011, 2014), David Orrel (2012), Otto 
Scharmer (2013), Charles Eisenstein (2009), Tim Jackson (2009), Richard Heinberg (2011), Donella Meadows 
(Limits to Growth Report, 1972), Peter Joseph (2014), Edgar Morin (1999, 2008), Jan Rotmans (2012) and Eelke 
Wielinga (2001). In addition to these societal/economic critiques we have searched for authors who focused on 
the monetary system and its relationship to forced economic growth. The main authors we found are Frederick 
Soddy (1926), Herman Daly, Howard Odum, Bernard Lietaer (2012, 2013), Helen Toxopeus and Henk van Arkel 
(2014), Charles Eisenstein, Michel Rowbotham (1998), James Robertson (2012) and Mae-Wan Ho (2013). The 
importance of the monetary system is stressed by Lietaer’s quote that sustainability is never going to be 
reached without changing the current monetary system. The final theme concerns alternative economics and 
monetary systems based on these insights of sustainability, the main authors here we have studied during the 
course of Politics of Change from Fernando Suárez Müller, or are linked with the Dutch network of the 
Economy for the Common Good to which I am part of. The main authors here are Christian Felber (2010, 2014), 
Jeremy Rifkin, Bernard Lietaer, and Henk van Arkel.  
Demarcation: The macro-scope and the emphasis on recurrent patterns 
According to Capra (2009) and Joseph (2014), we are dealing with a systemic crisis, meaning that many 
interrelated issues within the socio-economic structure and its surroundings are contributing to the ecological, 
economic and social crisis. Because of this wide-range of involving topics, proper demarcation becomes very 
important. The reductionist analytical approach would suggest choosing one single element of the issue and 
elaborating this by analytical and synthetic arguments between different perspectives. Although this can be 
quite valuable, the complexity paradigm suggests that complex phenomenon’s like the current systemic crisis 
cannot be solved by the study of the constitutive parts. Because of the interrelatedness of the issues, we 
somehow need to discuss the whole complexity of the matter, mapping their intrinsic relationships and 
                                                            
1 Instead of ecological complexity I will use the term holistic complexity (which is a more general expression; 
including lower and higher spatiotemporal scales than commonly associated with the ecosystem level).  
Although the complexity perspective is always holistic (making the term somewhat redundant), the concept of 
holism emphasizes the notion that a self-organized whole (unity) of a particular scale is also a ‘part’ of a higher 
organization. Holistic complexity refers to the interconnected set of parts and wholes whereby unities can be 
considered both as part or whole, dependent on the scale of investigation.  
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consider alternative conceptual frameworks for resolving the systemic crisis. Demarcation for this type of 
complexity research according Joel de Rosnay (1979), is not about zooming in on the matter, but using the so-
called macroscope.    
 
The molecular biologist and futurist science writer Joël de Rosnay, published in 1979 a book called: ‘The 
Macroscope’. Herein he argued that where the microscope and telescope permitted the research on the 
infinitely small and great, the macroscope could offer a way to investigate the infinite complex. The 
macroscope is however, not an instrument you will ever come across within in laboratories or research centers, 
instead it is like a symbol of a new way of seeing, understanding and acting (p.6,7).     
The macroscope filters details and amplifies that which links things together. It is not used to make things larger or smaller 
but to observe what is at once too great, too slow, and too complex for our eyes (human society, for example, is a gigantic 
organism that is totally invisible to us). Formerly, in trying to comprehend a complex system, we sought the simplest units 
that explained matter and life: the molecule, the atom, elementary particles. Today, in relation to society, we are the 
particles. This time our glance must be directed toward the systems which surround us in order to better understand them 
before they destroy us. The roles are reversed: it is no longer the biologist who observes a living cell through a microscope; 
it is the cell itself that observes in the macroscope the organism that shelters it (Rosnay, 1979, p.6,7).     
Within this research, we will look at human economic society through the macroscope, much like Wubbo 
Ockels perceived the world from outer space, but thereby adding a much larger time-scale, almost as if we 
perceive the development of human economic society within a petri dish. The objective of such an approach is 
not to gain certainty, predictability and control over the causal mechanisms of the subject matter, since the 
underlying complexity is far too extensive for the complete mapping of all the intricate relationships. Instead 
we will focus on global developmental patterns, which, when extended, contains low exact predictability, but 
may offer some guiding principles (Kurz & Snowden, 2003, p.468).  
Within this research we will investigate the patterns and dynamics of living networks in regard to sustainable 
configurations. We will then use the description of the patterns and dynamics to evaluate human economic 
society and explore alternative conceptual frameworks for the economy in accordance with the description of 
sustainable configurations of living networks.  
RESEARCH OBJECTIVE:  
Theoretical relevance: Exploring the perspectives for socio-economic development when eco-nomos is 
considered from the eco-logical paradigm. Hereby providing for a critical reflection of the infinite growth 
paradigm of the traditional economics, based on the dynamics of living networks toward sustainable 
configurations. Then I will explore systemic shifts for incorporating the eco-systemic logic for sustainability into 
the current economic paradigm, creating a conceptual framework for the new Oikonomia.  
 
Relation to sense-giving, humanization and critical organization & intervention studies 
The return to Oikonomia is an attempt to envision a sustainable future of human economic society which 
maintains the basic conditions for a meaningful life for everyone. This research departs however from an 
organismic perspective (living networks in general) rather than anthropocentric, but it in fact enlarges the 
meaning of humanistics and humanism. Manschot describes this as the shift from an anthropocentric toward 
an antropocosmic worldview, wherein the human world is perceived as an integral part of a wider 
interdependent community (Manschot, 2010, 58-80). With this comparative and transdisciplinary research I’m 
trying to contribute to this shift. How do we then relate to this interdependence, what can we expect, want 
and value, how do we conduct in social and professional life and what kind of organizational changes are 
required to overcome the systemic crisis? These kinds of questions will be addressed throughout the text.    
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The reason for posing these questions is that the holistic (ecological) complexity perspective is offering a 
refined perspective on the dynamics of living networks, which might be relevant for the perspective on human 
economic society and its sustainability. Particularly interesting is whether the living network dynamics into 
sustainable configurations (eco-logical) differ from the economic principles (eco-nomos) and what this could 
mean for a sustainable transition.     
 
 
 
 
 
RESEARCH QUESTIONS: 
WHAT CAN THE DYNAMICS OF LIVING NETWORKS TEACH US ABOUT OUR CURRENT SOCIO-
ECONOMIC STRUCTURE? 
 
PART I: HUMAN ECONOMIC SOCIETY IS A LIVING SYSTEM  
What do we currently determine as living systems from a complexity perspective? How do living networks 
create a sustainable organization? Is it justified to describe the human economic society as a living network 
configuration and if so, what does this mean for human economic society in relation to sustainability? 
HYPOTHESIS: The living network configuration is applicable to describe the foundation of human 
economics, and can be used as guiding principle toward a sustainable society.   
PART II: THE CURRENT HUMAN ECONOMIC SYSTEM EMBODIES A COMPETITIVE PHASE 
What is the difference between the rules of the economy (eco-nomos) and the logic of ecosystems (eco-
logic)?  
HYPOTHESIS: Competition within the capitalist market indicates the competitive phase of 
development. 
PART III: THE SYSTEMIC SHIFTS FOR AN ACTIVE EMBODIMENT OF A COMPLEMENTARY 
PHASE 
Is it possible to incorporate the determining principles of the complementary phase to help shape a 
sustainable economy? Which systemic shifts do we need to consider and how can we take steps towards it? 
HYPOTHESIS: There are several systemic elements within the current socio-economic structure 
which fit well in the context of the competitive phase, but they are incompatible with the 
determining features of the complementary phase.   
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PART I: 
THE HUMAN ECONOMIC SOCIETY IS A LIVING SYSTEM 
 
 
 
 
 
 
 
 
 
 
A.  
WHAT ARE LIVING SYSTEMS FROM A COMPLEXITY PERSPECTIVE? 
We are in search for a return to Oikonomia, which refers to an economics that is compatible with the notion of 
planetary limits, whilst maintaining viable prosperity and wealth for all its inhabitants. Within this chapter we 
will explore the characteristics of living networks from a holistic complexity perspective, meaning that we focus 
on organizational patterns and the configuration of relationships inherent to living networks. Subsequently we 
investigate the patterns and dynamics of living networks toward sustainable configurations. Then we will 
explore the relationship between the human economic society and this description of living networks and their 
dynamics toward sustainable configurations. 
A.1  
LIVING SYSTEMS IN RELATION TO THE LAWS OF THERMODYNAMICS 
Albert Einstein once stated that if he should choose which laws of science were most likely to withstand the 
test of time and not to be abandoned by future generations, he would choose the first and second law of 
thermodynamics (In: Rifkin, 2009, p.27). For an understanding of life, we need to address the connection with 
the thermodynamic laws, because at first glance, they seem quite contradictory.  
 
The first law of thermodynamics refers to the conservation of energy in the universe. It implies that the total 
energy content of the universe is constant, so energy can neither be created nor destroyed. Although the 
energy of the universe remains constant, it flows only in one direction. The second law of thermodynamics 
states that whenever energy is transformed, some amount of the energy that was available before the 
transformation, is no longer available afterwards. It means that the available or potential energy decreases 
with every transformation. The second law therefore dictates the degradation of potential energy from 
available to unavailable. When potential energy is lost by an energy transformation, the energy is of course not 
actually destroyed (first law), but is dispersed and ends up as the speeding and bouncing velocities of billions of 
molecules, each going in different directions. This irreversible path towards the degradation of potential energy 
is called entropy by Rudolf Clausius in 1868 (In: Rifkin, 2009, p.27-28). The law of entropy leads inevitably 
towards the so-called thermodynamic equilibrium, in which there is no difference in energy levels and no 
potential or available energy is left to perform any transformations (useful work). This inevitability gives us the 
direction of time: all potential, useful, concentrated, organized energy will inevitably be dispersed into 
unusable, unavailable and disorganized energy. This raises a question: if entropy laws state that everything in 
the universe moves from concentrated to dispersed, and from ordered to disordered, how do we explain the 
increasing level of complexity during the evolution of life on earth?  
 
RESEARCH QUESTIONS: 
What do we currently determine as living systems from a complexity perspective? How do living 
networks create sustainable organization? Is it justified to describe the human economic society as a 
living network configuration and if so, what does this mean for human economic society in relation to 
sustainability?  
 HYPOTHESIS: The living network configuration is applicable to describe the foundation of human 
economics, and can be used as guiding principle toward a sustainable society.   
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Living networks as non-equilibrium thermodynamic systems 
The increase of complexity in the evolution of the universe and living systems seems to contradict the 
fundamental law of entropy. How could it be that living systems, instead of moving towards thermodynamic 
equilibrium, tend to move away from it? According Capra, it was Ludwig von Bertalanffy who took the first 
step towards an answer with his General Systems Theory (1968). Bertalanffy recognized that living organisms 
need to feed on a continual flux of energy and matter from their environment in order to stay alive, which 
meant that living systems could not be described as closed systems. Whereas the classical thermodynamics 
described that a closed system moves towards and settles at thermodynamic equilibrium, Bertalanffy stated 
that open living systems maintain themselves in a steady state far from thermodynamic equilibrium by a 
continual flow of energy through the system.  
 
Figure 4: Living systems as non-equilibrium thermodynamics 
Bertalanffy speculated that entropy (or disorder) may decrease within open systems and that the second law of 
thermodynamics may not apply to them. Erwin Schrödinger wrote a famous article named ‘What is Life’ (1944) 
wherein he described the relation between entropy and living systems. He stated that when an open system is 
capable of keeping its internal entropy low, it is always at the expense of greatly increasing the entropy of its 
surroundings (Schrödinger, 1944, p.24). For example, a living system like a plant uses energetic sunlight to 
produce sugars, and in turn ejects infrared light, which is a far less concentrated form of energy. While the 
plant prevents itself from decaying by maintaining order within, the overall entropy in the environment 
increases. This description of living systems resolves the apparent contradiction between laws of 
thermodynamics and the increase of complexity in the universe. Although this contradiction was solved, the 
laws of thermodynamics do not explain why these structures should arise in the first place. In the 1960’s (20 
years later) it was Ilya Prigogine who did built upon the speculations of Bertalanffy’s and who made great 
progress in describing how open systems emerged and are maintained in a steady state far from equilibrium. 
He coined the term ‘dissipative structures’ to refer to the open systems that use energy from the environment 
to decrease internal entropy, that is; becoming more organized at the expense of an increase of entropy in the 
environment. But more important, he was able to describe the emergence and the maintenance of stability in a 
far from equilibrium state of dissipative structures through a process called self-organization (this term was 
already introduced to contemporary science by W. Ross Ashby in 1947, but it was Prigogine who related it to 
thermodynamics). The process of self-organization can be defined as the spontaneous creation of a globally 
coherent pattern out of local interactions (Heylighen, 2001, p.1). 
15 
 
Prigogine stated that the dissipation of energy or entropy production, which is always been associated with 
waste in the classical thermodynamics of closed systems, is precisely the source of order in open systems far 
from equilibrium (In: Capra, 1996, p.89). According to Prigogine, dissipative structures do not only maintain 
themselves in a stable state far from equilibrium as long as new energy is inflicted, they can also transform into 
structures of increased complexity when the flow of energy and matter through them increases (In: Capra, 
1996, p.89). This will be elucidated in further detail in the section ‘towards higher complexity’. Prigogine 
emphasizes that the global patterns of dissipative structures cannot be derived from the properties of its parts, 
but are properties emerging at a supra-molecular organization. Long range correlations appear at the precise 
point of transition from equilibrium to non-equilibrium, and from that point on the system behaves as a whole 
(Capra, 1996, p. 176). 
 
The law of maximum entropy production 
According to Bernard Lietaer, it was Francois Roddier (who is considered to be one of the most brilliant 
astrophysicists of our time) who claimed that Roderick Dewar (2003) proved a third law of thermodynamics 
which is based on the insights of Prigogine. This law states that from the beginning, the universe evolves 
through continually creating more and more complex material structures which are capable of dissipating 
energy more efficiently. Roddier and Dewar’s law explicitly states that the evolution of complexity within the 
universe is based on structures which are capable to maximize entropy production. This can be explained as 
follows: energy dissipation produces disorder and the degeneration of energy (entropy production) by 
processing energy for reduction of internal entropy (maintain internal order). Generally then, those structures 
that dissipate energy more efficiently (produce more entropy) have a higher internal order and better 
capability of maintaining themselves, which makes them more likely to subsist than less ordered structures. 
Roddier argues that the Max entropy production law, which he considers of equivalent importance as Newton 
gravity law and Darwin’s theory of evolution, will have fundamental implications in our understanding of 
biology and the evolution of human societies. Herman Daly however rejects the maximum entropy production 
law when it is applied to the human economy, determining the usage of this law in the human economic 
context as a form of ecological reductionism (2014, p.3). The reason for his rejection is that the Max entropy 
production law could suggest that the increase of entropy production is always favorable, which would be 
highly contradictive to the notion of sustainability. Whether the Max entropy production law actually refers to 
a perpetual increase of a systems entropy production is not clearly described within the literature. Logically we 
can argue that whenever a system requires more energy than its environment can offer, or produces more 
entropy than its environment can assimilate, the system collapses into a state with reduced entropy 
production. This suggests that the maximum entropy law refers to a relational state of the system and its 
environment wherein the system continues to produce a maximized amount of entropy within the limits of 
available energy of the environment. Arto Annila and Stanley Salthe argue indeed that the principle of 
increasing entropy, when given as an equation of motion, reveals that expansion, proliferation, differentiation, 
diversification, and catalysis are always for a system to evolve toward the stationary state in its respective 
surroundings (sigmoid growth curve)2 (Annila & Salthe, 2010). Martyushev and Axelrod (2003) also argue that 
sigmoidal (S-shaped) growth curves may result from the logic of the max entropy production law, which would 
substantiate the notion of a sustainable steady-state economics of Herman Daly, rather than contradicting it. 
This principle will be further elaborated on Part 1- B, which discusses the patterns and dynamics of living 
networks toward sustainable configurations.  
 
However the description of living systems only in terms of thermodynamics as open dissipative structures is not 
sufficient, because it doesn’t tell us anything about how living systems reduce their own internal entropy. In 
order to show how living systems are able to do this, according to Fritjof Capra, we must look at the inherent 
organizational pattern (A.2) and process (A.3) of living systems (1996, p.156).  
                                                            
2 A sigmoid or S-shaped growth curve starts with an accelerating growth (positive feedback) which eventually 
slows down (negative feedback) until it reaches a steady state (balance positive and negative feedbacks).     
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A.2  
THE ORGANIZATIONAL PATTERN OF LIVING SYSTEMS: AUTOPOIETIC METABOLISM 
With the pattern of organization Capra refers to a specific configuration of relationships between the 
components of a system (1996, p.154). First it’s important to note that every living system consists of different 
but interdependent components, like every cell consists of different organelles and every multicellular 
organism of different organs. Therefore, Capra states, that the most important property of living systems is 
that it is a network pattern. ‘’Whenever we look at life, we look at networks’’ (1996, p.82). So the question here 
is what kind of configuration of network relations do all living systems consist of? The answer comes from 
Humberto Maturana and Francisco Varela. The key characteristic of a living network is that it continually re-
produces itself. They coined the term autopoiesis (self-making) to describe the network pattern in which each 
component of the network is to participate in the production or transformation of other components in the 
network. In other words, living systems are capable of maintaining an energy consuming network which 
produces its own parts (Maturana & Varela, 1980, p.9). The autopoietic pattern then, shows how living systems 
are capable of reducing their internal entropy. If we would look at the workings of a cell, which is commonly 
denoted as the simplest living system, we can see this pattern in its metabolism. 
 
Figure 5: The pattern of autopoiesis within a heterotroph cell 
An autopoietic network is an open system with regard to the required continual flow of energy and matter 
through the system. But organizationally, the system is closed because it is literally self-organizing the 
organization in which the total network produces itself. ‘It’s continually regenerating its own productive 
organization’ (Capra, 1996, p.163). A healthy system can therefore be considered as a connected network 
which is capable of autopoiesis, whereas an unhealthy or sick system refers to a disconnect between its 
components, through which the autopoietic pattern is deteriorated or even lost. When the rate of entropic 
decay becomes faster than the autopoeitic construction, a system will fall into a negative spiral with death as 
most likely result. The maintenance of the autopoietic pattern therefore, is of vital essence and refers to an 
inherent process that all living systems perform.     
A. 3  
THE INHERENT PROCESS OF LIFE: HOMEOSTASIS AND RESPONSIVE CAPACITY 
The description of life as a dissipative and autopoietic network still lacks a very important characteristic of 
living systems, namely the continual interaction with and adaptation to an environment in order to maintain 
the autpoietic pattern. All living systems possess a more or less complex form of responsive capacity. The 
interaction with and adaptation to the environment, according to Maturana and Varela, is coupled with the 
dynamic of autopoiesis. Firstly because the living network continually requires specific elements of the 
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environment for feeding its autopoeitic process. Secondly, the continual structural changes (metabolism) 
within the organism are sensitive to external disturbances, (by which the system needs to restore itself). 
Maturana and Varela suggest that the internal structure of a living system is always coupled to the external 
environment, which they refer to as structural coupling (Maturana & Varela, 1987, p.75).  
 
As the complexity of living systems evolved, so did their responsive capacity. The evolution of the neural 
network for example, highly increased this capacity. One of the most important functions of the neural network 
is the stabilization of the internal milieu in response to external fluctuations. In order to keep the autopoietic 
metabolism running, the system needs, besides required energy and material resources, a relative stable 
internal environment wherein metabolic reactions can occur. This refers to the homeostatic process that 
occurs within all living systems. The specific homeostatic range in which metabolic reactions can occur is very 
narrow (think about temperature, oxygen and acidity levels). When conditions fall outside this range, metabolic 
processes begin to lose their autopoietic connectivity: maintaining a stable internal milieu is therefore of vital 
importance. According to Antonio Damasio it is the homeostatic process which plays a key role in the 
responsive capacity of an organism. This is because the vital homeostatic range provides the organism with a 
‘biological value’ system which can evaluate external disturbances and internal generated responses, valuing 
preferable effects on the internal environment (2010, p. 63). This basic homeostatic regulation forms the deep 
basis for adaptation, value assignment and learning.  
 
Within adaptive living systems then, there seems to be an inverse relationship between the systems metabolic 
efficiency and its flexibility (responsive capacity). The more efficient a system becomes, the less flexible and 
vice-versa. A vital and sustainable system finds an optimal balance between its efficiency in its energy usage 
and its ability for flexible adjustment (Lietaer, 2010, p. 118-124).    
 
A. 4 
LIFE AS A MULTI-SCALE PHENOMENON: THE LIVING NETWORK OF GAIA 
So far we have described the features of living systems in terms of clear defined structures such as cells and 
organisms. These systems are open dissipative structures and have an autopoietic network which they protect 
by a homeostatic process. These features however, raise questions on the boundary of the living process.  
One of the most important insights with regard to living systems came from the investigation of life on other 
planets. NASA’s space program in the 1960’s made plans to look for life on Mars, and they were developing life 
detecting devices that could be sent over there. But one of the researchers grew more and more skeptical 
about this approach since the devices were all based on detecting life within the context of the Earth, and that 
there was no guarantee that such devices could detect life in a Martian context. This skeptical researcher 
James Lovelock created some tension among his colleagues and they returned the question, well how would 
you do it? Lovelock, known for his out of the box thinking, or inability to see separate boxes, came up with an 
answer that gave birth to one of the most remarkable scientific discoveries of all time. His idea for detecting life 
on Mars was to look for entropy reduction by measuring the chemical composition of the Martian atmosphere. 
Since living systems require a continual flux of energy and matter through themselves and subsequently 
excrete a degraded form of those substances, they incorporate their external environments in those processes. 
In other words, the atmosphere of a life-bearing planet would be recognizably different from a dead planet. He 
noticed that the chemical composition of Earth’s atmosphere was indeed highly improbable, due to the fact 
that some chemicals maintain a stable concentration while they react with one another. For example, the 
simultaneous stable presence of oxygen and methane is very improbable, since both react chemically under 
sunlight into carbon dioxide and water vapor. In order to maintain stable concentration levels, an enormous 
amount of both chemicals must constantly be introduced to the atmosphere. He calculated keeping this 
constant concentration was improbable on an a-biological basis by at least 100 orders of magnitude. Lovelock 
stated that the significant decrease of entropy, or the persistent state of disequilibrium among the atmospheric 
gases on its own was clear proof of life’s activity (Lovelock, 1979, p.6).   
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The idea of measuring the atmospheric composition of chemicals meant for NASA that they could determine 
the existence of life on Mars without space travel. What they found was that the Martian atmosphere 
consisted of 95% carbon-dioxide, which suggests a very near thermodynamic equilibrium state, which 
contradicts the elementary property of life’s existence. 
Table 2: Composition of atmospheric gases in relation to life (Lovelock, 1979, p.36). 
Although this was already a 
very recognizable scientific 
accomplishment, Lovelock 
extended his vision by stating 
that the earth’s atmosphere 
isn’t just a product of life’s 
activity, but forms a dynamic 
extension or construction of 
the biosphere itself in order to maintain favorable conditions for life’s processes (homeostasis). Lovelock called 
this planetary system Gaia (after the Greek Earth goddess). The Gaia theory stated that the network of 
organisms within the biosphere regulate the conditions of their own environment. The surface of the earth, 
which was always considered to be the environment of living systems, is actually part of the living system itself. 
What Gaia theory shows is that if we want to understand life, we must look at the entire biosphere, 
atmosphere, oceans and the soil as a single operating system that regulates the conditions for itself to flourish 
(temperature, chemical composition of the atmosphere). Life, according Harold Morowitz, is therefore not just 
a property of individual organisms, but merely a property of planets (In: Capra, 2002, p.6).  
 
Initially the Gaia theory was heavily criticized by neo-Darwinian biologists like Richard Dawkins (1982, p.237), 
who emphasized the notion of selfish genes, which contradicts the idea that organisms collaborate in the 
maintenance of favorable environmental conditions. Even Lovelock agreed with Dawkins at first, since the 
collaborative nature of organisms couldn’t be described by the notion of selfish genes (Lovelock, 2006, p.29). 
This discussion was part of a general paradigm shift in the evolutionary biology from a reductionist and gene-
centered perspective (substance) towards a holistic cell-centered perspective (pattern of relationships). 
Lovelock and Watson (1983) showed the scientific community with their daisy-world model that the notion of 
selfish genes (individual organisms) was compatible with the notion of self-organizing wholes (ecosystems and 
Gaia). Peter Corning (2005) coined the term Holistic Darwinism as a candidate name for the new paradigm 
that is emerging as an alternative to Neo-Darwinism, which incorporates a theory about the role of “wholes” in 
evolution. Holistic Darwinism views evolution as a dynamic, multilevel process in which there is both “upward 
causation” (from the genes to the phenotype and higher levels of organization) and “downward causation” 
(phenotypic influences on differential survival and reproduction), and even “horizontal causation” (between 
organisms). In this paradigm, the emergence of higher-level “individuals” (super-organisms) are not 
epiphenomena; they act as wholes and exert causal influences as distinct evolutionary units (Corning, 2005, 
p.2).     
 
The interconnected and interdependent wholeness of the Gaia system reduces its internal entropy through a 
particular energy and material cycle. This cycle consists of primary producers (plants), consumers (herbivores 
and carnivores) and decomposers (fungi and bacteria) (Rosnay, 1979, p.15). The primary producers consolidate 
energy from sunlight which they transform into organic molecules such as sugars. The consumers then use 
these produced molecules as their primary energy resource. Both the producers and consumers excrete waste 
products during their dissipative process, which forms together with their dead remnants the energy source for 
decomposers. This last group decompose the low energy graded materials into smaller units (mineral 
elements) from which they their convert energy. These minerals then form the building blocks for the primary 
producers. If one of these components is removed from the system, the self-producing (autopoietic) pattern 
would break and turns the entire network toward thermodynamic equilibrium. It should be noted that the 
Gas Planet 
 Venus Earth without 
life 
Mars Earth as it 
is 
Carbon 
dioxide 
98% 98% 95% 0.03% 
Nitrogen 1.9% 1.9% 2.7% 78% 
Oxygen trace trace 0.13% 21% 
Surface temp. 477 290±50 -53 13 
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exact description of cellular autopoiesis is different from the autopoiesis of Gaia. Where a cell has a clear 
defined boundary which is a product of the internal autopoietic metabolism, Gaia doesn’t seem to possess such 
a clear defined boundary, other than maybe the atmosphere. Lovelock therefore used the term ecopoiesis for 
conveying both the difference as the resemblance between Gaia and the autopoietic cell (In: Thompson, 2007, 
p.121-2). The next figure shows a very simple but elementary cycle of oxygen, carbon-dioxide, water, minerals 
and nutrients, in which we can recognize the ecopoietic pattern.  
 
 
According to Lovelock, the far from equilibrium state has been maintained during the last three billion years 
because the autopoietic configuration of organisms, the earth’s temperature and chemical composition is 
balanced by natural self-regulation, which is an emergent effect of interacting components generating a higher 
level of wholeness. The relational network of the whole consist of feedback relationships, contributing to the 
required relative stability in order for life to flourish, just like within our own bodies (Lovelock, 2006, p.34-49).  
 
The description of the living network configuration, that is, the autopoeitic metabolism and responsive 
homeostatic capacity, is not reserved for individual organisms alone. The Gaia theory suggests that interaction 
patterns between organisms and their environments also create a living network configuration. Life therefore, 
seems to be a multi-scale phenomenon, occurring on the level of cells, organisms, ecosystems and even Gaia as 
a whole. 
 
 
 
 
 
 
 
Figure 6: Simple example of Gaia’s ecopoietic metabolism (Robijn, 2015). 
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B.  
COMPETITIVE & COMPLEMENTARY PHASES AS RECURRENT DEVELOPMENTAL 
PATTERN 
The following section is very important for the remaining parts of this research. Here we will discuss the 
recurrent developmental pattern of competitive and complementary phases as is suggested by Alexei Kurakin 
(2007). But before we turn to these particular phases, which emphasize the development of multiple systems 
over time, it’s best to begin with a general relationship between self-organization, energy and complexity, 
which focuses more on the level of a single system. Note here that we are talking about evolution from a 
holistic complexity perspective, which includes Darwinian evolution based on natural selection of selfish genes, 
but also incorporates the self-organization of wholes. 
B. 1  
TOWARDS HIGHER COMPLEXITY: THE RELATION BETWEEN SELF-ORGANIZATION AND ENERGY 
First we need to look at a single living system and address the relationship between the self-organization 
process, its level of complexity and amount of energy throughput. The definition of self-organization we use 
here is ‘the spontaneous creation of a globally coherent pattern out of local interactions’ (Heylighen, 2001, p.1). 
Then, the complexity of that globally coherent pattern can be related to the continual amount of energy that 
flows through the system. When the continual flow of energy through the system is increased, the living 
system tends to reorganize itself toward higher complexity. This happens through the following general 
patterns:    
 
 The system creates more connections between parts.  
 The parts of the system create more task divisions and specializations. The components are capable of 
efficient specialization by becoming less self-sufficient (and thereby more dependent on the rest of the 
network). An increase in specialization and efficiency is accompanied by an increase in dependency.      
 It generates more feedback loops through which the system increases its responsive capacity.  
 
 
Recapitulation: ‘Where are we in the argument?’ 
We are looking for the return to Oikonomia, an attempt to reconcile the rules of the economy with the 
logic of ecosystems, especially concerning the issue of infinite economic growth. This part argues that 
when life is perceived from a complexity perspective, human economic society can also be considered 
as a living network. If this is indeed the case, which will be elaborated in Part 1-C, then it’s worth 
investigating how economics (eco-nomos) relates to the general developmental pattern inherent to 
sustainable living networks (eco-logical), which will be the focus of the next section (Part 1-B).  
 
So far we have discussed the characteristics of living systems from a complexity perspective:  
- Living systems are open dissipative structures in a relative steady state far from thermodynamic 
equilibrium. 
- They reduce internal entropy through the autopoietic pattern within their metabolism. 
- The autopoietic network is vulnerable to disturbances within the environment, to which it needs to 
respond accordingly by homeostatic regulation.  
- This living network configuration is a multi-scaled phenomenon, applicable for the description of 
cells, organisms, ecosystems and Gaia.  
 
21 
 
When an increased flow of energy arises, the system’s self-reorganization process typically begins with a 
positive feedback-loop. This means that the newly inflicted energy causes structural changes such as more 
connections, specializations and/or feedback-loops, which in turn amplify other structural changes. But the 
growth in complexity of the system is always limited to the continual amount of energy that flows through it. At 
a certain point, the positive feedback cycle breaks because there simply isn’t energy to support it. The system 
will then move towards a coherent steady state pattern. From that point on, the deviating components from 
the global coherent pattern are suppressed by negative feedback-loops, which consist of the same forces that 
brought the system towards the steady state. When a new and increased continual energy flow is inflicted to 
the system, the entire process repeats itself towards a higher level of complexity. When the energy flow shrinks 
however, connections break down and the system reorganizes itself towards a lower state of complexity 
(Heylighen, 2001). These general relationships between self-organization and energy become interesting when 
we perceive the development of human economic society through the macroscope (C 1). 
B. 2 
RECURRENT DEVELOPMENTAL PATTERN: COMPETITION & COMPLEMENTARY PHASE 
Here we will discuss the scale-invariant developmental phases of self-organizing living networks as suggested 
by Alexei Kurakin (2007). In order to exemplify this recurrent pattern of competitive and complementary 
phases, we will look to the well-known developmental pattern of ecosystems. Eugene P. Odum (1969), who 
made important contributions to the ecosystem concept, already described its development in two general 
phases, namely: developmental (competitive) and mature (complementary) phases. These distinguishable self-
organizing phases will later be used to evaluate the human economic system (Part II), and used as guiding 
principle for the return to Oikonomia (Part III).   
THE COMPETITION PHASE: 
When some pioneer plant-systems entered the field of abundant energy resources, the theory states that they 
will grow and multiply (Odum, 2007, p.46). Those plants which are capable of using energy the most efficient 
for those purposes will eventually dominate the field. These dominating plants then, form the energy source 
for different herbivores, and by extension, for multiple levels of carnivores. The process can be described by 
the following elements: The first element is diversification, since the abundance of energy allows many species 
to thrive. The variety of plants and animals then compete for the available energy resources, whereby the 
organisms with the best adapted internal fitness in order to withdraw energy from the environment for growth 
and reproduction, will be selected by natural selection (Kurakin, 2007, p.13). When the energy supply supports 
the accelerating growth, users with faster growth rates will simply outgrow the others. This phase maximizes 
energy consumption from the environment in an exponential manner, because when structures become more 
efficient in their energy usage for growth and reproduction, the products of growth are used to accelerate the 
capture of energy so that growth goes even faster (Odum, 2007, p.46). This accelerating growth and energy 
consumption works therefore as a positive feedback, which can be represented as an exponential curve. 
 
 
 
 
 
Figure 7: Selection is based on maximized growth efficiency 
within the competitive phase (based on Kurakin, 2007) 
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THE COMPLEMENTARY PHASE: 
The competitive phase is characterized by exponential growth, which cannot continue forever. This is simply 
due to the fact that an environment with limited resources is incapable of supporting an endless continuation 
of exponential growing systems. A system cannot grow any further than the least available but required 
resource permits, and since we live on a finite planet with finite resources, every exponential growing 
competition phase reaches a critical point where continuation will cause exhaustion and collapse. At this 
critical point, the dynamic changes. When resources become limited, it’s no longer true that the fastest 
growing organisms overgrow others, because there is simply not enough energy to support that growth. The 
selection of organisms within this emerging dynamic is not based on their individual fitness for fast growth and 
reproduction, but on their efficiency of their energy usage and their complementary function to a larger 
network. Not individual organisms, but complementary networks of organisms are being selected during the 
complementary phase. The complementary phase does not select the fittest of competing individual 
organisms, but a complementary network that is capable of reducing their collective entropy production. 
Entropy reduction within the complementary network is required in order to maintain a far from equilibrium 
state within a field of scarce resources. This can be achieved through efficient cycling of energy and materials 
by a network configuration that consists of a balanced set of producers, consumers and decomposers. How 
this type of network configuration arises is difficult to answer, but one can argue that some of the complexity 
growth that occurs within the competitive phase can only be maintained if such a network configuration arises, 
otherwise it will exhaust itself and collapse. So it might come down to trial and error: if it doesn’t occur the 
system collapses and starts over, but if it does occur it continue to subsist. 
 
 
 
 
 
 
 
 
 
The complementary phase, as opposed to the competitive phase which is dominated by diversification, 
competition and selection, is dominated by specialization, cooperation and synergy. Components of the 
network begin to specialize for a specific function of the larger cooperative whole. Where the competition 
phase was characterized by positive feedback of increasingly growing organisms, the complementary phase is 
characterized by negative feedback and a relative steady-state of the larger network configuration. For 
instance, when the amount of herbivores increases because there are more plants available, the amount of 
carnivores will also increase which together with the decreasing availability of plants cause a decrease in the 
amount of herbivores. So the complementary phase works towards a configuration in which the components 
complement and stabilize each other. Notice that this negative feedback control consist of competitive food-
webs, so competition is still a very important element within the complementary phase. The big difference is 
that competition within the complementary phase is serving for the maintenance of the whole, while 
competition within the competition phase is purely based on individual preservation, growth and survival.   
 
Figure 4: Ecopoietic metabolism (Robijn, 2015) 
23 
 
‘’WHERE THE COMPETITION PHASES CREATES AND IMPROVES PARTS, THE COMPLEMENTARY PHASES CREATES 
SUSTAINABLE WHOLES’’ (KURAKIN, 2007, P.28). 
According to Capra, the emerging complementary network can be perceived as a higher order individual 
(whole), ‘many species have formed such tightly knit communities that the whole system resembles a large, 
multi-creatured organism’ (1996, p.34). The flows of matter and energy through the higher order eco-systemic 
unity, can be perceived as the continuation of the metabolic pathways through organisms (Capra, 1996, p.35). 
For this coupling of individual metabolisms into a larger metabolic network I coin the term: Extended 
metabolism. 
The following figure illustrates the abstract development of complementary and sustainable wholes through 
competitive and complementary phases.  
 
 
Figure 5: The competitive and complementary phase (Based on Kurakin, 2007) 
 
TOWARD HIGHER SCALES 
According to Alexei Kurakin, this well-known pattern in ecosystem development toward higher scale wholes is 
actually a universal self-organizing pattern that has occurred on many spatiotemporal scales, from 
biomolecules to cells, from organisms and ecosystems. The higher order system (the new system boundary) 
which results from a successful complementary phase, is located in an overarching energy field in a larger 
spatiotemporal scale. The entire process of the competition and complementary phase then repeats at this 
higher scale between these and other higher order networks. But at the end of every complementary phase, 
efficient cycling of energy and materials is required due to the scarcity of energy resources, so that a new 
configuration of producers, consumers and decomposers emerges.  
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Figure 6: Competitive and complementary phase as a recurrent pattern on different scales (Robijn, 2015)  
This recurrent pattern of competition and complementary phases towards ever increasing scales shows that 
the living continuum at each spatiotemporal scale is self-organizing into similar network configurations. 
Together they seem to form one interdependent, hierarchical, co-evolving and complex network of energy, 
matter and information exchanges (Kurakin, 2007, p.1). Although the physical structures, reaction time and 
environments between spatiotemporal scales differ greatly, the pattern of a complementary network seems to 
repeat itself over and over again. This is why we speak of the recurrent developmental pattern of competitive 
and complementary phases; each newly created wholeness of the complementary phase is forming a new unit 
for the competitive phase on a higher spatiotemporal scale.   
 
Figure 7: Toward higher spatiotemporal scales (Robijn, 2015) 
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B. 3 
ON THE FRACTAL PATTERN OF LIFE’S ORGANIZATIONAL CONTINUUM 
The blending of competition and complementary phases generates similar network configurations on different 
spatiotemporal scales. According to Kurakin, we may speak of a ‘spatiotemporal fractal of life’s organizational 
continuum’ (2007, p.1). The following figure shows some basic examples of fractal patterns.  
 
Figure 12: Fractal patterns within nature (Robijn, 2015) 
Based on the blending of competitive and complementary phases at different spatiotemporal scales, the 
following figure suggest the fractal (self-similar) organization of the coupled metabolic networks of the living 
matter continuum.  
 
 
 
 
 
 
 
 
 
 
 
 
 
From networks of atoms within bio-molecules, organelles within 
cells, tissues and organs within organisms, organisms within 
ecosystems towards the entire network of Gaia itself, form an 
interdependent hierarchical network of energy, matter and 
information exchanges.  
The self-organizing adaptive networks of 
different scales appear to exhibit universal 
scale-invariant patterns in their 
organization and dynamics, suggesting the 
self-similarity of spatiotemporal scales and 
the fractal organization of the living matter 
continuum. (Kurakin, 2007, p.2). 
Figure 13: The spatiotemporal fractal of life’s organizational continuum - adapted from Kurakin, 2007 
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HOW DO LIVING NETWORKS GENERATE SUSTAINABLE CONFIGURATIONS? 
The holistic complexity perspective perceives the sustainability of living networks as the self-organization of 
coupled metabolisms into self-similar and entropy reducing configurations at higher scales. The self-
organization process is described as the blending of competitive (toward higher scales) and complementarity 
(sustainability of higher scale) phases. Because of this blending, the living matter continuum consist of self-
similar configurations that are able to reduce internal entropy production and maintain a far from equilibrium 
state.   
C.  
HOW DOES THIS DESCRIPTION OF LIVING SYSTEMS RELATE TO THE HUMAN 
ECONOMIC SOCIETY?  
So far we have discussed the defining characteristics of living systems from a thermodynamic complexity 
perspective and the scale-invariant self-organizing pattern of competitive and complementary phases as is 
suggested by Kurakin. How do these descriptions of living networks relate to human economic society, its 
development and sustainability?  
 
Organismic analogies have been used to describe human societies since Plato’s description of the political body 
(Politea) (1985). Since then there has been a lot of debate on whether we should conceive human societies as a 
super-organismic structure. Although there are multiple definitions and criteria for the term super-organism, I 
will use the elementary description of Plato and Herbert Spencer which refer to the existence of a higher order 
organic network which emerges through the functional differentiation and specialization of individual 
organisms (in; Corning, 2005, p.189). According to Edward O. Wilson (1971, p. 317), the super-organism 
metaphor was the dominant theme in biological literature during the first half of the 20th century, but became 
mystified by the reductionist gene-centered approach during the 1960’s. Recently there has been a revival of 
the holistic perspective and the notion of super-organisms, such as Lovelock’s Gaia theory, Corning’s holistic 
Darwinism and Kurakin’s self-organizing fractal theory of non-equilibrium thermodynamic systems. Though 
there are also opponents like Willem Schinkel who argues that the organismic analogy contributes to social 
hypochondria. Also the mainstream economic theory considers human economic society to be decoupled from 
the natural order and requires its own household regulations (eco-nomos). This is because economic systems 
need to deal with rational (self-interested) and autonomous actors, making economics more a psychological, 
social or cultural science rather than a biological or ecological endeavor. Even Robert Ayres (2002, p.1), who 
developed the concept of industrial metabolism (which is closely related to my abstract notion of extended 
metabolism), argues that attempts to use ecological concepts in an economic context are often misleading and 
unjustified, because there at least four important differences between human economic society and the bio-
ecological world:  
 
 There is no primary producer in the techno-sphere 
 There are no products in the biosphere, except biomass like fruits, nuts, seeds and eggs 
 There are no markets, money or paid labor in the biosphere 
 There are no voluntary exchanges in the biosphere 
 
Although these differences seem unquestionable, arguing for the validity of independent economic household 
regulations, these regulations do not necessarily contradict thermodynamic and bio/ecological regulations 
(eco-logical). The problem with Ayres list of differences is that when the human economic society and bio-
ecological world are analyzed separately and then equated to one another, they have already been separated. 
Ayres first point about the absence of a primary producer (plants) within the techno-sphere exemplifies this, 
because plants are also the primary producer for the techno-sphere, without their consolidation of sunlight and 
transformation process toward bio-molecules, there wouldn’t be a life ground for an economy. What I would 
like to propose is to adopt a holistic perspective, perceiving the human economic society as suggested by Joël 
de Rosnay (1979), through the Macroscope. Here I will argue in accordance with the field of ecological 
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economics that human economic society is to be conceived and studied as a living network configuration and 
ultimately as a subsystem of the biosphere and Gaia. My focus will be on the contradictive notions of 
development and growth between traditional economics and ecological economics.    
 
C.1 
THE HUMAN ECONOMIC SYSTEM THROUGH THE MACROSCOPE 
The field of ecological economics, with authors like Alfred Lotka, Frederick Soddy, Nicholas Georgescu-Roegen, 
Robert Constanza, Howard Odum and Herman Daly, has attempted to reconcile economic theory with the laws 
of thermodynamics and has persisted on the limits of economic growth. Although there are seemingly 
unquestionable differences between the economic and bio-ecological realm, here we will argue that the 
defining characteristics of living networks (open dissipative structure, autopoietic metabolism and responsive 
homeostatic capacity) are fit to describe the foundation of human economics, which will be elaborated on by 
the concept of extended metabolism. The following figure represents the market economy when perceived 
through the macroscope. Although the dynamic of the market system is unseen anywhere else in nature, 
certain aspects seem to be analogous with the metabolic dynamics of living networks.  
 
The first similarity is the required need for a continual flux of energy and materials through the system to keep 
its dynamic going. Jeremy Rifkin states that societies are organized and maintained by converting available 
energy from the environment into products that can sustain human existence (Rifkin, 2009, p.29). This suggests 
that the economy is a non-equilibrium thermodynamic and open dissipative system, which uses the continual 
flux of energy from the environment to reduce internal entropy. The ecological economist Georgescu Roegen 
argues within his canonical text ‘The entropy law and the economic process’, that the economic process 
materially consist of a transformation of high entropy into low entropy (internal entropy reduction), which 
inevitably increases entropy in the environment (pollution) (1971, p.18). Economic processes are about using 
energy to turn relatively low-ordered raw materials into more highly ordered products or services, whereby the 
creation of order that is fit for human purposes (reducing internal entropy), can be considered as value and/or 
wealth creation. So when Ayres states that there are no products in the biosphere, he doesn’t seem to 
recognize that (most) products within the techno-sphere represent internal entropy reduction as they 
contribute to the maintenance of the productive configuration, (either within human beings or within the 
external order) aligns with the autopoietic pattern that exists within all living networks. The process of 
production and consumption within the economic system is, according to Herman Daly, indeed comparable to 
the concepts of anabolism and catabolism within metabolic network of a cell (1968, p.395) (see figure 15). 
Figure 8: Human economic society - adapted from Rosnay, 1979, p.21 (Robijn, 2015). 
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Human labor, whereby Ayres states that it has no equivalent in the biosphere, is from this perspective, an 
inherent part of the anabolic/production process. Although human labor is very different from protein 
activities within the cell, there pattern of contributing to an entropy reduction network remains the same, 
which makes it an extension of the same process of life rather than a distinction between the human economic 
and biological world.  
 
Figure 9: Economic metabolism: based on Daly, 1968, p.395 
The usage of money then, combined with the notion of voluntary exchanges, does seem to distinguish the 
human economic world from the biological, at least at first sight. Howard Odum suggest that the flow of money 
is actually a countercurrent of the energy and material flow, which makes it closely related to economic 
metabolism (2007, p.253). So, even though the usage of money for voluntary exchanges is unique to human 
beings, according to Odum it is an extension of the same process rather than a fundamental difference. The 
substantiation for this claim is that money usage involves an extension of a time-scale in the form of an ‘I owe 
you later’ (debt), which brings a new ‘kind’ of metabolic dynamic, rather than a decoupling from it. This will be 
further elaborated in Part I - C.2 and Part II - A.   
The notion of voluntary exchanges however, is indeed different from biological organization. Although Plato 
already understood that the functional differentiation and specialization within economic networks implies 
decreased self-sufficiency and increased dependency between actors, in which exchanges are necessitated 
rather than voluntary (1985, p.370). Though, rational value evaluation and autonomous decision making in 
what we want to exchange is unique to human beings, through which we could determine economics as an 
independent social/psychological science. Although, with Damasio’s notion of homeostatic regulation as 
biological value system and foundation of value assignments, even autonomous decision making cannot be 
fully decoupled from the metabolic processes and homeostatic regulation (2010). Human economics, then, is a 
far more intricate and complex metabolic network, rather than a completely decoupled and independent 
science of autonomous individuals.  
Do economic societies themselves also possess homeostatic regulation? Damasio’s concept of socio-cultural 
homeostasis suggests that the cultural rules, laws and morals, rewards, punishments and overarching 
narratives of a society serve for the maintenance of a preferable milieu wherein the metabolic/economic 
process can continue (2010, p.332-334). The cultural and biological homeostasis works through the same 
neural substrates, although cultural homeostasis is an emergent effect of many minds connected within a 
socio-economic system.   
The similarities between the metabolism and homeostatic regulation in both the biological and human 
economic world, suggest that we ‘could’ perceive the socio-economic structure of society as a large metabolic 
living network. The simple fact that the human economic system exists within the physical world, which makes 
it inevitably subjected to entropy, means that the system is required to have an autopoietic metabolism and 
some sort of homeostatic regulation, in order to maintain a far from equilibrium state (survive). In the next 
section, I will elaborate this by arguing that the economic society can be perceived as an externalization of our 
internal metabolism, thereby focusing on the similar developmental patterns within living and economic 
networks.    
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C. 2  
HUMAN ECONOMIC SOCIETY AS EXTENDED METABOLISM 
One of the most distinguishable qualities of humans is their ability to manipulate their natural environment. 
Where most organisms are only capable of creating internal order, humans, and some other organisms such as 
bee and ant colonies, are capable of creating external order. With external order we refer to things like houses, 
roadways, factories, businesses and agriculture, whereby humans in contrast to bees and ants, possess the 
capacity to organize this in a rational, autonomous and intentional fashion. What I’d like to suggest here, is that 
even with this unique capacity of human beings, we have built an economic society that shows great 
similarities with biological organization. This means that economics, biology and ecology are far more 
interrelated than often assumed.  
 
 
Figure 16: Similar network organization between neurons and human cities  
In section B-1 we have discussed the general relationship between the energy influx and the complexity of a 
self-organizing system. Whenever the continual energy influx is increased, the complex system self-
(re)organizes, by which it creates more connections between its parts, task-divisions/specializations and 
feedback-loops. When we equate this with the description of the global development of human economic 
society by Jeremy Rifkin (2009, 2011, 2014), David Christian (2011), Howard T. Odum (2007) and Yaneer Bar-
Yam (1997), we may argue that human economic society is following the same pattern (figure 17).  
 
Jeremy Rifkin argues that the great economic transitions occur when new energy resources converge with new 
communication/transportation systems. Note that these concepts are analogous to the general concepts of 
energy influx and connectivity between parts. After the emergence of a new energy / communication / 
transportation matrix, the enhanced communication network changes the temporal and spatial orientation of 
humans, it annihilates time and shrinks space, connecting people and markets in more diverse economic 
relations (Rifkin, 2011, p.35). This connectivity also allows for an expansion of empathy across wider spatial 
and temporal domains, through which the larger interdependent network system can function as a whole. The 
enlarged exchange network then, allows smaller components (peoples or area’s) to become less self-sufficient, 
through which they can specialize into particular functions. Through this task-division, the systems complexity 
and interdependency increases ever further. This increase in the systems complexity and interdependency is 
then accompanied by the requirement of more feedback-loops in order to manage economic activity 
(metabolism) and to maintain social stability (homeostasis). Rifkin suggests that the extension of empathy into 
wider spatial-temporal domains and the experienced complexity and interdependency causes consciousness to 
evolve through which the required feedback or steering-mechanisms of the larger society emerge (Rifkin, 2014, 
p.298). This occurs on the societal level through co-created and shared narratives, values and rules. The 
following figure summarizes the great economic transitions of human society through energy / communication 
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/ transportation matrices.  The following figure illustrates the increased complexity of human economic society 
through new energy-communication and transportation matrices.  
 
Figure 17: Increased complexity through new energy-communication matrices - Based on Rifkin, 2009 (Robijn, 2015) 
‘’There seems to be a detectable pattern to human evolution, captured in the spotty but unmistakable 
transformation of human consciousness and the accompanying extension of the empathic drive to larger 
fictional families cohering in ever more complex and interdependent communication/energy matrices and 
economic paradigms ‘’ (Rifkin, 2014, p.300) 
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‘’The new communication resolutions can then be thought of as the extension of the individuals and societies nervous 
system which oversees, coordinates and manages economic organism. And energy is the blood that circulates within the 
economic body in order to keep its metabolism (producing-consuming) going’’ (Rifkin, 2009, p.37 & 2011, p.35). 
 
With this general outline of the evolution in society’s complexity in mind, let’s look at the notion of extended 
metabolism as the coupling of individual metabolisms into larger metabolic networks (figure 18). We start at 
the point where humans were subjected to environmental conditions (Pre-Paleolithic era). This figure intends 
to show that the emergence of human economic exchange networks can be perceived as such a higher order 
metabolism.   
 
Figure 18: Human exchange networks as extended metabolism (Robijn, 2015) 
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The energy - communication matrices of the first and second industrial revolution drastically increased the 
amount of manageable energy flow. This was accompanied by an enormous increase in task-divisions and 
specializations and much larger communities. The division of labor activities that were carried out by different 
groups of people gave rise to an interdependent network of different compartments, a pattern which is 
analogue to the functioning of organelles within cells and organs within an organism. During this process the 
household increasingly began to function as an extended membrane, which provided for the basic metabolic 
requirements such food and water regulation, waste disposal, and homeostatic regulation. These regulations 
can be perceived as extensions of internal organs into the external order (extended metabolism). The extended 
membrane of the household is then fully dependent on even higher organizations within society.  
 
Figure 19: The human household as extended membrane and fractal organization of society (Robijn, 2015) 
The organization of human economic society is showing a fractal pattern of increasingly large organizational 
networks that provide for the lower scale requirements, whereby each higher scales is showing similarities in 
their organization with other scales. These are the underlying notions of what I’d like to refer to as: the organic 
perspective on human economic society. 
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The following figure from Yaneer Bar-Yam of the New England Complex Systems Institute is a similar 
representation of the development of the increased complexity of human economic society (1997, p.26). 
 
Figure 20: Topology of the increased complexity of human societies (Yaneer Bar-Yam, 1997) 
This representation of the topology of the increased complexity of human societies shows the development of 
larger interdependent networks. The former director of the Santa Fe institute Geoffrey West, argues that all 
metabolic networks require very efficient distribution networks and that the fractal pattern of diverging 
branches is considered to be the most efficient space-filling configuration, making its ubiquitous presence in 
nature not so surprising (West, 2014). This fractal pattern within distribution networks can also be found in our 
roadway systems.  
 
Figure 21: Self-similarity within human distribution networks (roadways) (Nelson, 2010) 
The internal metabolism does not only extend toward the external order, the external order seems to organize 
itself in a self-similar (fractal) fashion. These insights suggest that ‘economics’, in an elementary sense, is 
actually a ‘life science´.  A suggestion already made by Herman Daly in 1968, but restated in 2009 by Alexei 
Kurakin as: ‘the fields of non-equilibrium thermodynamics, biology and economics, which appear to be three 
disparate sciences, look like descriptions of one and the same phenomenon’ (Kurakin, 2009, p.23). This suggests 
that even though economics deal with autonomous, rational, and intentional human beings, and therefore 
distinctive in its dynamics, their collective organizational and developmental patterns seem to be in accordance 
with basic principles of organic complexity. 
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CONCLUSION PART I: WHAT DOES THIS MEAN FOR THE RETURN TO OIKONOMIA?  
What do we currently determine as living systems from a complexity perspective? How do living networks 
create sustainable organization? Is it justified to describe the human economic society as a living network 
configuration and if so, what does this mean for human economic society in relation to sustainability?  
We have described living networks as open dissipative structures with an autopoietic metabolism and 
homeostatic regulation. These characteristics do not only describe single cells and organisms, they are also 
applicable to describe networks of organisms, suggesting that life can be perceived as a multi-scale 
phenomenon. The development of living networks can be described by the recurrent pattern of competitive 
and complementary phases. Where the competitive phase creates and improves parts by selecting individual 
systems on the basis of rapid energy assimilators for growth and reproduction, the complementary phase 
creates sustainable wholes by selecting synergetic networks of organisms which are capable of reducing their 
collective internal entropy production. The holistic complexity perspective offers strong arguments for the 
notion that human economic society should be perceived as a living network configuration (super-organismic 
structure). The generated external order of human societies, which can easily be perceived as a transcendence 
of natural order due to the unique capacities of human beings is, in my view, rather an extension of the process 
of life. The household regulations of the economy (eco-nomos) should therefore not be decoupled from the 
logic of ecosystems (eco-logical). What does this mean for the return to Oikonomia and societies sustainability?  
 
 
 
 
 
 
 
 
 
 
When we then consider the development of the human economic society within the earth’s ecopoietic 
metabolism, we see tremendous growth during the last centuries, mainly due to our ability to manage an 
increased flow of energy, extracted from a finite amount of fossil fuels. From the perspective of Alexei Kurakin, 
these types of exponential growth curves are very common on every scale of life. They belong however to a 
particular self-organizing phase, which we have called the ‘competitive’ phase. Is it possible then to perceive 
the exponential growth of the human economic society throughout the world, especially since the first 
industrial revolution with the usage of fossil fuels, as an embodiment of a competitive phase (Part I)? Is it 
possible then that we are reaching the point where energy sources are no longer capable of supporting the 
accelerating growth, and a complementary phase is required to sustain the increased complexity that has 
emerged during the competitive phase? What are the possibilities then, to organize ourselves in accordance 
with the guiding principles of the complementary phase? And what kind of systemic shifts do we need to 
consider for an active embodiment of these principles, thereby hopefully sustaining the prosperity we achieved 
during the last centuries without crossing the planetary boundaries (Part III).  
Figure 22: Human economic society within the larger bio-
chemical cycles of Gaia 
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PART II:  
THE CURRENT HUMAN ECONOMIC SYSTEM EMBODIES A 
COMPETITIVE PHASE 
 
 
 
 
 
 
 
Elements of the competition phase:  
 Maximize energy consumption  
 Diversification, competition and selection 
 Autocatalytic (exponential) growth 
 High entropy production 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Initially I presumed that it would be easy to demonstrate that the current economic paradigm embodied a 
competition phase, since there are so many competition based metaphors used to describe the traditional 
economic theory. The competitive metaphors could suggest that the current economy is about the conquering 
of markets and competitors. But this interpretation would overlook the fact that the emergence and existence 
of markets has always been about creating and allocating wealth more efficiently (through task-divisions and 
specializations) within a complementary and interdependent ‘trading’ network. Competition is merely the 
means to remain contributive to the whole (complementary), rather than the conquering of that whole 
(competition). It’s questionable however whether this theoretical underpinning remains valid within the 
upcoming situation, which will be elucidated in Part II - B.      
RESEARCH QUESTIONS: 
What is the difference between the rules of the economy (eco-nomos) and the logic of ecosystems (eco-
logic)?  
 
HYPOTHESIS: Competition within the capitalist market indicates the competitive phase of 
development. 
Figure 23: The competitive and complementary phase in the development of trees over time (Robijn, 2015) 
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It occurred to me that the real competitive phase initially did not occur at the scale of individual actors or 
businesses, but between human economies as complementary systems, and especially between the whole 
human economic system and their surrounding ecosystems. This line of thought seemed to connect with the 
discrepancy between the ‘Economics’ and ‘Oikonomia’. What I would like to show in the first section of this 
part, is that traditional economic theory and its competitive metaphors are actually intended to form a 
complementary system. However, there is a crucial element within the traditional economic theory which 
paints a false picture about the possibilities for the further development of these complementary systems. 
This crucial mistake of traditional economic theory is, according to Beinhocker (2007), the classification of the 
economy as a closed equilibrium system. In Part II - A we will elaborate this misclassification and suggest that 
the presumed economic machine did not lead to major problems within an empty world context (empty of 
man-made capital and full of natural capital), a term coined by Herman Daly (2005, p.100), but that the 
classification of the economy as a closed system within the context of a full world (full of man-made capital 
and relatively empty of natural capital) is becoming increasingly dangerous. This new form of scarcity also 
seems to affect the internal complementary elements of the market system itself, which will be discussed in 
Part II-B. 
A. 
THE MECHANICS OF THE ECONOMIC MACHINE WITHIN AN EMPTY WORLD  
Beinhocker states that the traditional economic theory is modelled after what he calls half-baked physics. After 
the classical era of philosophical economist like Adam Smith, Jeremy Bentham and Jacques Turgot, economist 
like Léon Walras, William Stanley Jevons and Vilfredo Pareto attempted to formulate the economic theory 
within a scientific and mathematical predictable framework. Impressed by the mathematical frameworks of 
physicists like Isaac Newton on capturing the motion of planets, the so-called Marginalist economists (ca 1830-
1930) tried to capture the motion of human minds within the economy. Especially Walras saw parallels 
between balancing points of the classical economic theory (between demand and supply) and equilibrium 
points within nature. But science at that time described the equilibrium points within nature as equilibrium 
systems, although mathematically predictable and therefore usable for Walras, the models were completely 
based on the first law of thermodynamics. The second law of entropy of Clausius, and the additional distinction 
between open (dissipative) and closed systems was missing from physics at that time. This means that the 
traditional model of economics was unintentionally founded with the (implicit) assumption that the economy is 
a thermodynamically closed equilibrium system. Although physics moved on by incorporating the second law, 
the 20th century neo-classical synthesis of economics were still rooted in the Marginalists models that were 
based on closed equilibrium systems. It is Ironic, as Beinhocker states, that the equilibrium points within the 
economic theory are metaphorically referring to a thermodynamic equilibrium, a state in which life or an 
economy cannot exist (Beinhocker, 2007, p.21-75). 
TRADITIONAL ECONOMICS AS COMPLEMENTARY CLOSED EQUILIBRIUM SYSTEM IN AN EMPTY WORLD 
This section is meant to show and elaborate on the following topics: the traditional economic paradigm 
perceives the human economic society as a closed equilibrium system. Secondly, even though traditional 
economics consists of many competitive metaphors, it actually generates a highly complementary system. And 
thirdly, that this closed complementary system works very well within the context of an empty world. These 
aspects will come up when we elaborate on how the traditional economic paradigm answers the basic 
questions that every economic system is confronted with: namely, according Beinhocker: I) how is wealth 
created? and 2) how is this created wealth allocated? (2007, p.25). I would like to propose a third question, 
which is 3) What is the underlying monetary paradigm of this system? This extra question is crucial because 
it’s becoming impossible to have a meaningful discussion about economics without discussing the regulation of 
its prime element, because the regulation of money is more directive than it is neutral.   
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1) THE CREATION OF WEALTH: 
Adam Smith argued that economic value (wealth) is created when raw materials are taken from the 
environment and tooled by labor to convert them into something that people ‘want’. The conversion of natural 
capital into man-made capital is what creates the wealth of society. In other words, there is a CONNECTION 
BETWEEN ECONOMIC GROWTH AND INCREASING WEALTH.  But in order to increase wealth of society, not 
only more natural capital and labor was required, but also the improved productivity of that labor. That would 
ultimately increase the individual’s living standard on a per capita basis. Smith argued then, that in order to 
increase the productivity of labor, specialization of that labor was necessary (Smith, 1776, p.ix). The dynamic of 
increased task divisions and specializations -like the increased complexity of living systems- caused less self-
sufficiency of its components and thus increased interdependency (complementarity), which meant in 
economic terms that ‘trading’ became indispensable.    
 
Figure 24: The creation of wealth (Robijn, 2015) 
 
 
 
2) THE COMPETITIVE MARKET AND THE ALLOCATION OF SCARCITY 
The inevitability of ‘trading’ and the limited availability of commodities (scarcity) lead us to the second 
question: how should be wealth allocated? Market theory presumes that every individual possesses specific 
needs and wants, and that the individual is best capable of deciding which needs and wants he or she values 
most, because they are the best judges of their own happiness. For this reason, it was important for Smith to 
enable people to pursue their own self-interest and maximize their utility in a rational fashion. Besides the 
ability to pursue individual self-interest, it was also important that resources were put to their most efficient 
use, so that it would maximize the wealth of society as a whole. This divides the allocation question in two, 1) 
how can we enable people to maximize their utility by obtaining their wants (consumption), and 2) how can 
resources be used as efficient as possible so that they generate the greatest happiness for the greatest number 
(production)? Smith argued that the ‘competitive market’ was the best and most moral way to do this.  
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The market system connects the pursuit of self-maximizing individuals with the optimal usage of resources for 
the whole through the ‘pricings-mechanism’. In order to allocate ‘scarce’ commodities fairly, and prevent 
shortages and surplusses, the production of commodities (supply) needs to be equal to the consumption 
(demand) of that commodity, 
which is called ‘market 
equilibrium’. The optimal price of 
a commodity is where supply and 
demand are in equilibrium. This 
way there are no shortages for 
the whole, nor are there 
resources wasted on goods that 
won’t be utilized. Whenever 
there are changes in the supply 
or demand side, the price of the 
commodity will shift and bring 
them back into equilibrium.  
The ´competitve´ market refers 
to the competition between 
profit maximizing producers. In 
order to obtain profit as 
producer, one needs to generate 
an in demand good for the right price, thus tuned toward the consumer. Competition then, refers to the 
striving for the best alignment to the consumer and causing a dynamic wherein ‘the best possible goods are 
created for the lowest possible prices’. It’s based on meritocratic value system: the more value you create for 
society, the more you may retrieve from it. So there is a deep CONNECTION BETWEEN VALUABLE 
CONTRIBUTION AND VALUABLE RETURNS. According to the traditional theory competition and self-
maximizing behavior distribute power, prevent monopolies and abuse, and make the system complementary. 
So there is also a deep CONNECTION BETWEEN SELF AND COMMON INTEREST: if producers and consumers 
would follow their own self-interest, the ‘invisible hand’ of the market will create the best possible society for 
all, according to Smith (1776).       
 
 
3) FRACTIONAL RESERVE BANKING AS THE UNDERLYING STIMULATOR 
In recent years there has been an increased acknowledgement by scholars that the understanding of economic 
systems is incomplete without reference to its underlying monetary system (for example, Lietaer (2010, 2013), 
Rushkoff (2011), Eisenstein (2009), Odum (2007), Arkel (2014), Robertson (2012), Rowbotham (1998), Charmer 
(2013), Felber(2010, 2014), Heinberg (2011)). The reason for this will be a central notion of this thesis which 
will become clear throughout the following chapters.  
To understand the fractional reserve policy, it’s probably best to look at its origins. Imagine a Venetian banker 
in possession of a safe-deposit. People who were afraid that their gold might be stolen, could deposit their gold 
in the bank. In return they received receipts, which could be used as paper money. It probably didn’t took long 
before the banker became aware that it almost never occurred that everyone would reclaim their gold at once, 
so he could lend more receipts (paper money) than the actual amount of gold he possessed in the safe-deposit, 
hence the name ‘fractional’ reserve. In return for his risk, borrowers would repay him a bit extra, called 
interest. This simple though powerful formula became the standard banking practice in (almost) the entire 
world. The only major difference with today is that there isn’t gold in the safe-deposits to back the value of the 
receipts, there are even barely receipts left (± 3%), and most of the money are just bits on computers. The 
Figure 25: pricings mechanism and market equilibrium 
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decoupling of receipts and its physical backing turned the remaining receipts and bits into what is called a FIAT 
currency, referring to the lack of intrinsic value and its possible creation out of thin air (fiat lux, God first words, 
let there be light, the creation of something of value out of nothing; ex nihilo) (Lietaer, p. 26). 
Although the monetary policy 
of the Venetian banker may 
look very innocent at first sight, 
it has a major impact on 
economic organizing when it’s 
applied on a large scale. The 
reason for this is represented 
in the following figure (based 
on the story of the eleventh 
round - Lietaer, 2012, p.159-
160). 
Although the reality of the 
fractional reserve policy is far 
more complex than this image 
shows, the basic elements 
remain the same. When money 
is created out of thin air in the 
form of an ‘I owe you’ (debt), 
and subsequently charged with 
interest, it causes a situation 
wherein the total sum of debts 
is higher than the existing 
money within the money 
supply (every Euro created 
generates a larger amount of 
debt, because of the interest). This shortage stimulates competition between economic members, since it’s 
impossible for everyone to repay. But as argued before, competition itself refers to the pursuit of best 
alignment with consumers (stimulates complementarity). Interest charges do not only stimulate competition, it 
does also stimulate (or even imposes) economic members and (the entire economy) to grow (This will be 
explained in box 2-b). And growth, as the increased conversion of natural into man-made capital or increased 
labor productivity, is considered to be the generator of increased wealth. From this perspective it is arguable 
that there is a CONNECTION BETWEEN THE UNDERLYING MONETARY POLICY OF FRACTIONAL RESERVE 
BANKING AND PURPOSES OF THE MARKET AS A COMPLEMENTARY SYSTEM. This connection between the 
purposes of the economic system and the underlying monetary system worked well within the context of a 
relative empty world, but to give some understanding into the direction of this argument, it is doubtful 
whether this complementary system remains viable within the context of a full world.     
 
 
 
 
 
 
 
 
Figure 26: The story of the eleventh round (Lietaer, 2012, p.159-160) 
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When we add the three elements together (wealth creation, allocation and the monetary system), the 
following picture emerges. What it shows is that although the theory uses competitive based metaphors, it’s 
actually a complementary system. Besides that it also shows that the economic theory takes the economy as a 
whole isolated system and aimed at its inner dynamics, which strives toward equilibrium (Daly, 1993, p. 814).  
 
 
 
 
Traditional economic theory based on the idea of a closed economic system is therefore, according to Herman 
Daly, a form of economic imperialism, which seeks to expand the boundary of the economic system by 
transforming natural capital into products or services, until it encompasses the entire ecosphere (2014) (figure 
27-28). But what it fails to recognize is that the economic system isn’t a closed system, but belongs to the 
category of open dissipative structures and plays an active role as subsystem within the ecopoietic metabolism 
of the biosphere, and is dependent on the biochemical cycles of Gaia. The misclassification of the human 
economy as a closed system didn’t cause much problems within the empty world context, since the 
environment was large enough to replenish the natural capital stock and absorb and recycle the waste 
produced by the economic system. The classification of the economic system as closed and isolated will 
become increasingly problematic when the economy grew larger, which can be represented as follows (the 
grey box of the economy is a simplified version of the economic system represented in the figure 27):   
Figure 27: Traditional economics as closed equilibrium system (Robijn, 2015) 
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Figure 28: Empty and full world economics (from Daly, 1993, p.812) 
The growth of the human economic society throughout the globe has brought about the context of a full world, 
which occupies a lot of space, requires a lot of energy and materials and produces a lot of waste (entropy). 
Perceiving the economy as a closed system within this context, meaning that economics is only concerned 
about what is economically relevant (raw materials, man-made capital and everything that can be priced and 
bought), is useful when analyzing exchanges between producers and consumers, but it does not account for 
the inherent and interdependent relationship the economy has with its environment (Daly, 1993, p.813). Just 
like every other organism on the planet (described as open dissipative structures), the economic system takes 
useful low entropy materials from the environment and produces high entropy waste. This means that the 
economic system cannot deplete its environment beyond its regenerative capacity, nor pollute beyond its 
absorptive capacity, since that would eventually destroy the basis on which the economic system depends. We 
are not only dependent on the environment because its biochemical cycles replenish the natural capital stock, 
(thereby delivering raw materials for economic transformations), but also for the stabilization of the climate to 
which we have adapted (Lovelock). Besides, the level of complexity within our modern day economical 
organization is almost completely based on the availability of cheap energy (fossil fuels), which becomes, 
considering the peak oil scenario, a scarce source of energy in the not too distant future (Heinberg, 2011, p.15). 
In other words, the economic system cannot continue to grow forever, and needs to find a complementary 
configuration within larger biochemical cycles of Gaia in order to sustain its own existence. This implies that we 
need to reconsider some fundamental elements of our socio-economic structure that create an inherent drive 
for growth (Part III). But before going into this it is important to take a closer look at this inherent drive for 
economic growth due to the monetary system (Fractional Reserve Policy) and compounding interest (box 2) 
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Box 2-A: Based on Odem (2007) and Rosnay (1979) 
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Box 2-B: Based on Lietaer (2012,2013), Arkel (2014) & Eisenstein (2009) 
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Box 2-C: Based on Lietaer (2012) and Bartlett (1969) 
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Box 2-D: Based on Jackson (2009) 
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Box 2 summarizes the relationship between metabolism and money according to Odem and Rosnay. Then it 
illustrates the compulsory pressure for economic (exponential) growth due to the Fractional Reserve policy 
(debt and compounding interest).  
The fact however, that we live within a socio-economic structure that is directed toward accelerated growth, is 
not surprising. All living systems tend to accelerate growth whenever energy sources are abundant, and given 
the first industrial revolution, where humans were able to uncover abundant and extremely energy dense fossil 
fuels, energy sources did indeed seem limitless.  
When resources are available, people self-organize in an overgrowth frenzy … like that of colonizing 
ecosystems. In human society with a free economy, the mechanism for overgrowth is capitalism (Odum, 
p.263). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
B.  
THE LIVING ECONOMY WITHIN THE CONTEXT OF A FULL WORLD 
When we perceive the human economic society as an open dissipative living network instead of a closed 
machine, attention shifts from the inner mechanics to the big-picture questions related to things like scale and 
the flow of energy. ‘Is the economy too big relative to its environment; are the consuming and waste production 
rates too fast, is it endangering the food chain on which it depends for its survival?’ (Orrel, 2012, p.214-215). 
This perspective suggests that there is an optimal scale of economic society in relation to its environment. The 
continuation of growth after reaching this optimum scale, does not only endanger a severe ecological crisis, it 
also disconnects complementary elements within the economic system. Complementary connections ensure 
the functioning of the system as a whole, when complementarity breaks, components become less occupied 
with the vitality of the whole and focus more on preservation of themselves. This in turn leads to exclusion and 
resistance of the excluded, which could result in the destabilization of society. Let’s have a look at the major 
disconnects.    
 
 
Recapitulation: ‘Where are we in the argument?’ 
We have discussed how the traditional economic perspective is aimed at the inner mechanics of the 
economic machine, which we have described as a complementary closed equilibrium system. These 
complementary connections are:  
 
- Between economic growth and increasing wealth 
- Between valuable contribution and valuable returns  
- Between self and common interest 
- Between the underlying monetary policy and purposes of the market as a complementary 
system 
 
The complementary economic system expanded throughout the globe from a relative empty world to 
a full world context. Within the full world context, it becomes clear that human economic society is 
not an isolated system independent of its environment, but an open dissipative structure and 
subsystem of Gaia’s eco-poietic metabolism. The growth of the economic system, which was mainly 
supported by the availability of fossil fuels, can be perceived as the embodiment of a competitive 
phase. But since we are reaching the limits of the planetary potential, the former complementary 
connections also begin to disconnect (Part II - B). The return to Oikonomia, is then about the 
rediscovering of a complementary configuration that is capable of maintaining economic prosperity 
without exceeding the planetary limitations (Part III).  
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I. Disconnect between self and common interest 
The market was built on the premise that the pursuit of self-interest simultaneously serves the common 
interest, but this no longer seems to be the case in the context of a full world. The reason for this is because 
the common interest does not necessarily refer to the producer’s attunement of goods or services in 
accordance with the wants of consumers, which was the main concern of interests in the empty world context. 
Within the full world context, the common interest also refers to the quality of the common biosphere we 
inhabit and, which we are collectively depleting. Garrett Hardin describes this as the tragedy of the commons 
(1968), wherein individuals, acting independently and rationally according to each one's self-interest, behave 
contrary to the whole group's long-term best interests by depleting some common resource. For example, 
commons like fresh water, air and a relatively stable climate belong to everyone’s interest, but since their 
preservation isn’t exactly profitable and therefore not contribute to one’s immediate self-interest, they 
become underserved and overlooked in a society that bases itself on the pursuit of self-interest. It creates, so 
to say, a global bystander effect which can only be resolved by a collective pursuit of collective interests.     
 
II. Disconnect between economic growth (GDP) and marginal utility 
Within the context of an empty world, scarcity resided in man-made capital: when there was a shortage in 
fresh fish, more boats needed to be built. Today however, we have a sufficient amount of fishing boats, and the 
shortage lies with exploitable fish populations. The argument then, that economic wealth only results from the 
conversion of natural capital into man-made capital doesn’t seem valid anymore, because preservation of 
natural capital becomes evenly if not more important. The Gross Domestic Product however, only accounts for 
monetary exchanges but does not factor in damage or depletion of natural capital. GDP measurement is still 
based on the notion of wealth creation within an empty world context, and lacks a structural incentive for 
preservation and sustainability.  
 
Herman Daly argues that increased GDP growth can also generate uneconomic growth when increases in 
production are prioritized at an expense of natural resources and human wellbeing. This can be expressed by 
the notion of utility, referring to satisfactions of the population´s needs and wants and general wellbeing, and 
disutility, which refers the sacrifices people make for the increased production and consumption, like loss of 
leisure, depletion of resources, and exposure to pollution etcetera. GDP growth, according to Daly, is always 
accompanied by a marginal utility and a marginal disutility. Economic GDP growth contributes to an increase in 
wellbeing as long as marginal utility exceeds marginal disutility. But when marginal disutility exceeds marginal 
utility, wherein ´bads´ are produced faster than ´goods´, GDP growth actually decreases general wellbeing 
(uneconomic growth).          
 
Figure 29: Economic growth and uneconomic growth (Figure from Daly, 2005, p.103) 
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This figure suggests that there is indeed an optimal scale of the economy. It’s noteworthy that it is strange that 
this isn’t our general directive, especially because this relation between marginal utility and disutility is well 
known within micro-economics (individual businesses), when only the term ‘marginal disutility’ needs to be 
replaced by ‘marginal costs’. Micro-economics is all about finding the optimal scale, but this notion is somehow 
lacking within macro-economics, which is presumed to grow ad infinitum (Daly, 2005, p.101-107).    
 
 
III. Disconnect between money value and life values  
Traditional economics presumed that whenever a trade occurred between self-interested actors, both sides 
would be better off after the trade. From this perspective, the satisfaction of human needs and wants is what 
results from the shifting of money. In the words of John McMurtry (2013), traditional economics presumes that 
it is the money-sequence of value that produces life values. He argues that there is an objective life-ground of 
value, such as sufficient nutrients, clean water, home and love, which is supported by Damasio’s notion 
biological value. Such an objective life coordinate however, does not exist within the global economy, which is 
about serving ‘wants’. These ‘wants’ is what counts for ‘economic demand’, whereby ‘wants’ refer to ‘private 
money demand that wants to buy’. So without money but in serious ‘need’ for clean water and nutrients, you 
do not ‘exist’ in terms of economic demand. In the ‘neutral’ eyes of the market, the aforementioned essential 
‘need’ would carries less legitimacy then a billionaire who ‘wants’ to acquire a second private jet or a 90-foot 
yacht, because ultimately it’s monetary value that is placed above all others (McMurtry, 2013, p.1-21).  
 
The money sequence of value has become the main driver of the economic activity and it presumes that its 
pursuit will simultaneously generate life values, thereby confusing means with an end. This is especially the 
case within financial markets and speculation. Where the classical theory argues that making a profit implied 
that your business was providing wealth to society, they referred to exchanges of goods and services. They 
didn’t anticipate for the possibility that 98% of the four trillion dollars spent daily within international trades 
would be pure speculative (Lietaer, 2012, p.75). Today’s financial markets, where the goal is to buy foreign 
currencies to make money from changes in value between those currencies, are reaping huge profits without 
actually contributing anything substantial to the real economy. The former German investment banker Rainer 
Voss stated that today, the average share is possessed by someone for only 22 seconds, meaning that there are 
also a lot of shares traded every micro-second, which only serve to make a profit (Backlight, 2013). This gives 
an impression of the disconnect between money value and life value and the disconnect between valuable 
contribution and valuable returns.    
 
Twenty-four hundred years ago, it was Plato and Aristotle who already criticized this chrematistic form of 
economics, meaning that money is used for the purpose of making more money, which they considered to be a 
moral injustice (Aristotle, 1967). They referred to the story of philosopher Thales of Miletus, who’s poverty was 
considered as evidence of his philosophical irrelevance by stating ‘Thales, if you’re so smart, how come you 
ain’t rich?’  When Thales, having great knowledge of the stars and weather conditions, foresaw a spike in olive 
crops he leased all the olive presses in the area during wintertime, enabling him to make huge profits when 
harvest time came about. Thales, however considered this strategy for personal wealth to be nothing more 
than an unworthy scheme, and so did Plato and Aristotle, since he did not contribute to society at all, and only 
became rich at the expense of others. Aristotle made therefore a clear distinction between chrematistics and 
Oikonomia.  
Table 3: Chrematistics vs Oikonomia (From: Daly, 2014, p. 98-99). 
Chrematistics Oikonomia 
The manipulation of property and wealth so as to 
maximize the short-term monetary exchange value 
to the owners. 
The management of the property and wealth of the 
household so as to increase its use value for all 
members of the household over the long run. 
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Until the seventeenth or eighteenth century, the chrematistic form of economics was not even described as 
economics, but as commerce (Scharmer, 2013, p.69). Today however, the entire Western world seems to be 
based on chrematistic principles, and is it predominantly the Islam who remembers the critique of the classical 
Greeks (Lietaer, 2012, p.154). Within Oikonomia, exchange value is only a means to generate use value and 
welfare, while within chrematistics it is an end in itself that is considered to deliver and represent real wealth. 
The notion that the monetary exchange value is representative for real tangible wealth is becoming 
increasingly doubtful. Today for example we have cyclical consumption strategies with planned obsolescence 
of products, meaning that products begin to deteriorate or malfunction after a set amount of time to ensure 
ongoing consumption. This may be great news for the business of money making, but does this generated 
money represent the real use value of these products, or contribute to the general wealth of society 
considering the intentional waste of finite resources? The idea of expressing qualitative wealth in terms of 
quantitative exchange value is actually quite ingenious, but since we have learned how to influence these 
exchange values in order to maximize personal profit, like Thales’ chrematistic trick, the actual purpose of the 
economy as prescribed by Oikonomia seems to be lost (Stahel 2006, Daly 1989)    
 
 
IV. Disconnect between monetary policy and social connectedness 
As argued earlier, the monetary policy of fractional reserve banking served its purpose in traditional economics 
within the empty world context, but within the full world context of today it causes several problems. The most 
prominent one being that the monetary system enforces the economy to grow incessantly, which clashes with 
the physical boundaries of the earth. But apart from ecological complications, it also causes social problems, 
like the devaluation of social capital by relentlessly encouraging competition and inherently distributing 
wealth unevenly (Lietaer 2012, Toxopeus 2014, Dyson 2014, Eisenstein 2009).   
 
Social capital is defined by Robert Putnam as ‘features of social organization, like trust, norms and networks, 
which can increase the efficiency of society by enabling coordinated cooperation’ (in Lietaer, 2012, p.157). It is 
the glue that transforms a collection of individuals into a humane society (whole) and is a precondition for 
securing economic prosperity (2013, p.46). The fractional reserve policy however, encourages competition 
between the economic members (figure 26), instead of cooperation. As long as competition served the goal of 
seeking the best alignment with the consumer, where a connection existed between self and common interest, 
the encouragement of competition still served complementarity and social capital. But when self and common 
interests begin to diverge and the pressure of debt begins to rise, encouraging competition begins to take its 
toll on social capital. Perceived from a complexity perspective, compartments (people, businesses) turn into a 
mode of self-preservation, which leaves less and less room for normative and ethical considerations that are 
related to public interest and the common good.  
 
Social capital and cohesion is affected even more when combined with the diverging distribution of wealth. The 
following figure shows research done by Michael Norton and Dan Ariely (2011). They asked roughly 5000 
Americans to estimate wealth distribution within the US and what they would like it to be... 
 
Figure 30: Distribution of wealth in U.S. - like, think and actual distribution (Norton & Ariely (2011).  
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Lietaer argues that the interest-based money system is also one of main contributors to the increasingly 
inequality of wealth. Take for example the figure above, the top 20% will probably receive interest on their 
capital, but the lower 80% is paying interest on their loans. Lietaer argues that this actually a systemic 
transference of wealth from the bottom 80% toward the top 20% (based on the study of Helmut Creutz: in 
Lietaer, 2013, p.49). The topic of diverging inequality has recently been revived by the work of Thomas Piketty’s 
Capital in the twenty-first century. Both he and Lietaer warn of the possible destabilizing effects of economic 
inequality on society, especially when the capital owners can increase their wealth relative to the rest of 
society in a non-meritocratic manner, which means it’s purely based on possessing capital and receiving 
interest from it. According to Piketty, this situation occurs when economic growth decreases and the return on 
capital becomes higher than the investment within the economy; this stimulates the hoarding of money and 
decreases economic growth, thereby concentrating wealth even further (Piketty, 2014). When this is related to 
the image of the impossibility of the exponential growth curve on a finite planet, it seems inevitable that 
wealth is becoming increasingly concentrated, which will in turn evoke and enhance feelings of social injustice 
and exclusion, and will most likely cause severe social and civil unrest.       
 
 
CONCLUSION PART II: FROM INVISIBLE HAND TO THE VISIBLE FIST 
What is the difference between the rules of the economy (eco-nomos) and the logic of ecosystems (eco-
logic)?  
Headlong growth and all-out competition are features of immature ecosystems (competition phase), 
followed by complex interdependency, symbioses and the cycling of resources. The next stage of the 
human economy will parallel what we are beginning to understand about nature (Eisenstein, 2009, p.23). 
The main difference between the regulatory rules of the economy and the logic of ecosystems is that the 
economic system is considered to be a perpetual motion machine and is described as a closed equilibrium 
system, in contrast to the holistic complexity perspective which describes the economy as an open dissipative 
structure and sub-system of the biochemical cycles of the earth. While traditional economics not only presume 
but also requires the economy to grow ad infinitum, the complexity perspective and the eco-systemic logic 
suggests that this accelerating growth belongs to a finite phase.  
We are trying to keep an economic engine running, while this engine is beginning to generate ‘bads’ faster than 
‘goods’, and which completely seems to neglect the value that is produced by the existing cycles of Gaia. 
Strangely enough preservation, resource efficiency and sustainability, as Peter Joseph argues, can be described 
as the enemies of the current economic engine (Joseph, 2014, p.93-113). Because of the compounding debt we 
are not able to slow the economic engine down if a severe economic crisis is to be avoided. Nonetheless, 
planetary boundaries and finiteness of (energy) resources will refrain the economic machine from growing 
continuously, causing former complementary connections within the economic machine to disconnect. This 
loss of complementary, considered from a complexity perspective, indicates that the system can no longer 
function as a whole (all components of the network, for the whole network), which leads to isolated networks 
and exclusion (components of the network extracting from other components). This exclusion of networks 
generates counterforces to the remaining complementary network, which eventually can causes a chaotic re-
organization, which, in the human context, points towards a time of turmoil and war.  
The holistic complexity perspective does not support the notion of traditional economics that the continuation 
of the pursuit of individual self-interest (self-maximizing rationality) and competition between ego-systems, will 
result in the best possible society through the workings of the invisible hand (self-organization). Although this 
competitive self-organization does contribute to growth in size and complexity of the whole system (in a 
context of abundant resources - empty world), it does not contribute to the systemic health (complementarity) 
and sustainability of the highly interconnected and interdepend whole that has limited potential for further 
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growth (full world). The eco-systemic logic states that systemic health and sustainability arise through 
synergetic relationships between parts that  turn toward optimization as being part of the whole 
(complementarity), a  dynamic different from the self-organization through self-maximizing individuals. The 
conclusion then is that failing to recognize the success of this economic paradigm as a competitive phase, will 
turn the invisible hand into a visible fist, working against the betterment of mankind instead of supporting it. 
The visible fist will arise either by economic collapse due to the depletion of required resources or severe 
climate change, or by the loss of complementary connectivity that is likely to result in warfare.   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
If we perceive our economic system as an optimized configuration with respect to the competitive phase 
context, we need to accept its finiteness and begin to organize ourselves in accordance to the principles of the 
complementary phase, which is about creating a complementary and sustainable whole. To reach this 
sustainable whole however some deep underlying systemic elements of the economic engine will need to be 
discussed and changed.  
Figure 31: Economic growth in relation to the larger metabolic flow of Gaia over time (Robijn, 2015) 
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PART III:  
THE SYSTEMIC SHIFTS FOR AN ACTIVE EMBODIMENT OF A 
COMPLEMENTARY PHASE  
 
 
 
 
 
 
 
 
 
 
The ecological economist Kenneth Boulding once said that “anyone who believes exponential growth can go on 
forever in a finite world is either a madman or an economist.” (in: Toxopeous, 2014, p.108) Exponential growing 
systems however, are no aberration in nature, and are actually a central feature of the competitive phase. As 
long as continual energy influx is not limited, those systems that grow and utilize that energy fastest and most 
efficiently will outgrow others, creating the autocatalytic/exponential growth curve. The central argument of 
this research however, is that this should be considered as a finite phase, shifting an entire system toward a 
steady state at a higher level of complexity or collapse. 
  
 
 
The competition phase can be described by the ‘maximum growth efficiency principle’, which causes the 
exponential growth of the entire system. The subsequent complementary phase then, is about optimizing a 
relatively stable configuration that is capable of using the available energy influx in order to maintain the level 
of complexity that has developed during the competitive phase. The maintenance of this level of complexity 
can be achieved through the formation of a complementary and synergistic configurations (selection on the 
Figure 32: Pattern of natural growth by a competitive and complementary phase 
RESEARCH QUESTIONS: 
Is it possible to incorporate the determining principles of the complementary phase to help shape a 
sustainable economy? Which systemic shifts do we need to consider and how can we take steps towards it? 
 HYPOTHESIS: There are several systemic elements within the current socio-economic structure 
which fit well in the context of the competitive phase, but they are incompatible with the 
determining features of the complementary phase.   
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basis of the relational network instead of the selection of individual systems), which cycles energy and 
materials efficiently in such a way that the internal entropy production is reduced as much as possible, thereby 
creating abundance for all participating components. It works towards an optimal steady state with a balanced 
set of producers, consumers and decomposers, wherein resource usage doesn’t exceed regeneration, and 
waste production doesn’t exceed absorption levels. The exponential growth of the system slows down and 
turns into a natural s-curve. To reach and maintain this optimal steady state, the rules of the game change, 
from ‘maximized growth efficiency’ to ‘maximized maintenance efficiency’, which refers to the amount of 
existing biomass that can be maintained per unit of new production (inverse to maximized growth efficiency).   
Table 4: Competitive and complementary phase 
COMPETITIVE PHASE: COMPLEMENTARY PHASE: 
Maximize growth efficiency Maximize maintenance efficiency 
Diversification, competition and selection Cooperation, synergy, and complementarity 
Autocatalytic (exponential) growth Feedback control: (optimal steady-state) 
High entropy production Low internal entropy production 
 
In this third part I will try to answer the following question: Which types of systemic shifts are required for the 
economic system to move toward an active embodiment of the complementary phase? The chapter is does 
not intend to provide clear and definite answers, and merely points toward possible shifts that we need to 
reconsider when following the principles of the complementary phase,  thereby sketching the new Oikonomia. 
The new Oikonomia concerns the management of the property and wealth within the whole household (Oikos) 
of Gaia, in order to increase use values for all members over the long run. It’s about finding an optimal scale of 
the economy within the larger cycles of Gaia and thereby optimizing the availability of use values (life values) 
for the art of living and living well (Stahel 2006).  
 
Figure 33: Traditional economics vs Oikonomia (Figure is based on Herman Daly, 2014, p.24) 
Table 5: Traditional Economics vs The New Oikonomia 
TRADITIONAL ECONOMICS THE NEW OIKONOMIA 
Considers the economy as:  
Closed equilibrium system: mechanistic paradigm 
Considers the economy as: 
Open dissipative structure: complexity paradigm 
Considers the traditional economy as the best possible 
structure within all contexts 
Recognizes the pattern of the traditional economics 
as developmental phase  
- Economic imperialism: Infinite quantitative growth 
of the econo-sphere within the larger eco-sphere   
- Sustainable steady-state and qualitative 
development: complementarity with the larger 
networks of Gaia 
- Complementary connections of the market system 
begin to disconnect within the context of a full 
world 
- An configuration which attempts to reconnect the 
complementarity between components of the 
economic system    
Dominated by chrematistics: The manipulation of 
property and wealth so as to maximize the short-term 
monetary exchange value to the owners. 
The management of the property and wealth of the 
household so as to increase its use value for all 
members of the household over the long run. 
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In order to make the transition from the traditional economic model as the embodiment of the competition 
phase, toward the New Oikonomia and the complementary phase, we will have to consider the following 
systemic changes:  
 
A. Perspective on human nature: From Homo Economicus toward Homo Empathicus. 
B. From a Monetary Demand-based Economy toward a Resource (and human need) based Economy. 
C. From a Linear Value-chain Production toward Circular and Co-creative Production.  
D. From a Scarcity-based Market Exchange toward an Abundance-based Collaborative Commons. 
E. Measuring economic success: From Quantitative Growth toward Qualitative Development.  
F. From Meritocracy to Basic Income - The question of allocation in relation to automation: 
G. From Monetary Monoculture toward a Monetary Ecosystem. 
 
 
Note that these shifts are highly intertwined; which means that reforming these issues separately will prove to 
be difficult and/or insufficient. We therefore speak of the necessity of a systemic change in which these shifts 
need to be discussed and reconsidered in their totality. It is important to perceive the proposed shifts as 
outside the box considerations, so that we may get a glimpse of a new economic paradigm that is compatible 
with the social and environmental circumstances of the 21st century.   
A. FROM ‘HOMO ECONOMICUS’ TOWARD ‘HOMO EMPATHICUS’ 
The first adjustment we need to reconsider is related to the economic perspective on human nature, ‘homo 
economicus’. The idea that human beings are isolated, narrow self-interested individuals with insatiable 
‘wants’ and whose happiness depends on the amount of goods they acquire, doesn’t seem to reflect the full 
scope of what it means to  be human. The image of ‘homo economicus’ suggests that ‘greed’, ‘always wanting 
more’ and ‘competitive behavior’ reflects some fundamental, inherent and inescapable aspect of the human 
genome, and that the sum of these individuals self-organize into the kind of socio economic system that we see 
today. Changing the system then, considered from this specific story about humanity, implies that we would 
have to change human nature first, which seems to be an impossible task. Although I would not want to 
suggest that these aspects of homo economicus are not part of the human potential, but they are, like social 
neuroscientist Tania Singer suggest, not the only of even the principal drivers of human behavior and definitely 
not conductive to overcoming today’s most pressing global issues (2013, p.1).  
Another aspect of homo economicus is that it suggests that we are all separate and isolated individuals. 
However, based on (social) neuro-scientific research, especially on mirror neurons, we can state that our brain 
is actually hardwired for affective resonance and empathy (Iacoboni (2008), Waal, de (2009), Singer (2013)). On 
the neural level, instead of being isolated individuals, we actually form an integrated (social) system through 
the continual resonating of neural signals into corresponding networks (Ramachandran, 2009, TED). According 
to Christakis and Fowler (2009), it’s this transcending resonating network that destroys the notion of separate 
and isolated individuals, arguing that we are completely intertwined with those around us. According to Rifkin 
then, we ought to replace the image of homo economicus with the image of ‘Homo Empathicus’, because it 
reflects the interconnectedness of human beings and their capacity to form complementary and cooperative 
networks much better than homo economicus. The importance of this shift is that the invisible hand does not 
lead to the best possible society (as long as everyone pursues their own self-interest) within the context of the 
full world, in which we are highly dependent on one another, and require collective actions for the common 
good rather than individual actions for self-interest. Otto Scharmer describes this as a shift from ego-system 
awareness (caring for the well-being of oneself, whether it be an individual, business or nation) toward eco-
system-awareness (caring for the well-being of the whole, including one-self) (2013, p.2).  
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In short, the story of homo economicus, especially when it’s used as justification for the egoistic principles on 
which our society seems to be based, must at least be complemented  the other side of the human story. 
Human beings are wired for empathic resonance and the maintenance of complementary social systems, which 
involves more than the self-organization of narrow self-interested actors. This shift in our perspective on 
human nature towards homo empathicus and interconnectedness is a prerequisite for an active embodiment 
of society’s complementary phase.  
B. FROM ‘MONETARY DEMAND-BASED ECONOMY’ TOWARD A ‘RESOURCE AND HUMAN NEED-BASED 
ECONOMY’ 
 
Figure 34: Ecological footprint vs bio-
capacity (adapted from Living Planet 
Report, 2014, p.10) 
The neo-classical economic theory 
perceives economic demand as the 
ultimate source of value, which is 
closely related to the liberal concept 
of autonomy and freedom of choice. 
The problem with this arises when 
the sum of individual preferences 
exceed sustainable levels. The neo-
classical solution is that the 
increasing price of growing scarcities in availability will cause a brake on demand. Although I have multiple 
concerns with this proposition, one concern is most prominent, namely that neo-classical economics seems to 
underestimate the true value of ecosystem services, and that the destruction of those services will drastically 
decrease the quality of life and wealth for numerous people. The journal of ecological economics estimates 
that the value of insect pollination alone was around 217 billion dollars (in: Orell, 2012, p.215). What then, 
would be the cost of climate change and its effect on the usability of the soil? I suspect that the neo-classical 
brake on demand would simply come too late. Wouldn’t it be a better to use the remaining resources to 
organize ourselves into a structure which requires less energy, produces less waste and which can maintain a 
(relatively) high level of prosperity?  
At the other end of the spectrum is the resource based economy, like The Venus Project by Jacque Fresco and 
Roxanne Meadows (2007, p.21). A resource based economy begins by evaluating the sustainable amount of 
resources that could be consumed annually. According to Fresco, if people then collectively cooperate, it is 
possible to use this amount of resources in order to eliminate scarcities and provide high standards of living for 
everyone, generating a more humane and sustainable society (p.21). The basic claim of the resource based 
economy is that the earth is providing enough to generate a high standard of living for everyone; however, this 
cannot be accomplished by following monetary demand and does implicate restrictions in what we can 
consume. Let’s consider the difference between the monetary demand based and the resource based economy 
in the following example: meat consumption. 
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Box 3: Meat consumption: Based on Anderson (2014), Cassidy et al (2013)  
 
This example shows the real difficulty of the problem. On the one side we have the value of individual 
preferences (like our current meat consumption), and on the other side we have biophysical impossibilities and 
a sense of (un)fair allocation. We can argue that if the total sum of wants begins to exceed the biophysical 
limits, we could argue that it’s not wise to use those ‘wants’ as a fundamental coordination mechanism for 
economic activity. The basis should then be the biophysical limit itself, and the optimized generation of wealth 
within those limits. If it is actually possible, as Fresco, Peter Diamandis and Steven Kotler (2012) claim, that a 
high standard of living for everyone can be created by placing limits to personal preferences and by focusing on 
that which can be made abundant (sustainably), would this not be preferable in terms of humanization and 
sustainability? However, who is to determine the restrictions within our current consumption pattern is not 
well described yet. Taxation on resource usage and waste disposal instead of income would be an option in the 
right direction (Bregman, 2014, p. 131-150). It will certainly help to make the switch toward the maximized 
maintenance efficiency, reducing cyclical consumption strategies and planned obsolescence by pricing 
commodities in accordance with their impact to the environment. But these reforms will do no good to the 
economy if the inherent drive for growth remains unchanged. These strategies exist because they are fast 
money-makers. The shift to abundant, more durable and sustainable goods may be preferable from a 
thermodynamic point of view, but from a conventional economic perspective, they severely slow down and 
shrink the economy. Abundance and product sustainability seems to be inverse to economic growth. This 
means that other systemic shifts are required to make a resource based economy viable.  
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C. FROM A LINEAR VALUE-CHAIN PRODUCTION TOWARD CIRCULAR AND CO-CREATIVE PRODUCTION  
It is estimated that in order to create wellbeing for all without destroying the planet, we would have to 
increase our resource productivity by a factor 5, or reduce our resource usage by 80% (in: Scharmer, 2013, 
p.81). To do this, we need to replace the mechanistic logic of a linear production, towards the organic logic of a 
circular production. The current industrial paradigm, a ‘take, make, and throw away’ structure according 
Scharmer, is highly inefficient from a resource based perspective. Especially when we consider that the faster 
goods end up at the end of the pipeline, are consumed and disposed, the faster new goods can be produced 
and bought, thus aiding the economy in monetary terms. This is quite contradictory to the verb ‘to economize’, 
which refers to avoiding waste and extravagance.   
 
Figure 35: Linear production scheme (Image from: The story of stuff, 2007) 
Circular economics acknowledges and embodies the missing component of ecosystems within economic 
society, which is the component of the decomposers. In order to decrease pressure of natural decomposing 
systems, we must begin to install decomposing elements within the economy itself. It rests on the cradle to 
cradle principle, where the waste of one is food for the other. Within a circular production scheme, production 
rates should equal depreciation rates, whereby lower depreciation rates are better. This refers to the 
maximized maintenance efficiency principle (Daly, 2005, p.104). Smart circular production lines therefore, 
could decrease resource usage and entropy production, and increase resource productivity considerably.  
Another important element of a circular production scheme is that the consumer is positioned at the source of 
the pipeline. Scharmer argues the following, if the consumer is positioned at the end of the pipeline, and the 
purpose of commercials and marketing is to bombard them in order to create wants, rather than to meet their 
needs, they do not add real value, but do increase the production’s ecological footprint. However, if the 
customers were positioned at the source, a shared assessment of their real needs, including the needs of the 
underserved, would mark the beginning of the entire process of value creation (2013, p.117). The linear value 
chain conception of production wherein the ‘production’ and ‘consumption’ are separate, is being replaced by 
circular dynamic where customers, start to co-create the economy, in a more conscious, collective and 
intentional way (Scharmer, p.118). This entire shift however, like the shift toward a resource based economy, 
can only work when the inherent drive for economic growth and fast money making is changed along with it, 
because the linear production scheme combined with the cyclical production strategies are actually adaptions 
to these goals.   
D. FROM ‘SCARCITY-BASED MARKET EXCHANGE’ TOWARDS ‘ABUNDANCE-BASED COLLABORATIVE 
COMMONS’ 
Where the former two systemic shifts referred to adaptions in response to external limitations, this section will 
argue that the maintenance of the internal monoculture of market capitalism might also be a limiting factor for 
the active embodiment of the complementary phase. What I’d like to discuss is the basic notions behind the 
transition from market capitalism toward Rifkin’s proposal of the Global Collaborative Commons, which is in my 
view comparable to the shift toward a complementary phase. To understand why market capitalism can be 
perceived as limiting factor, we will have to look to the grand paradox within the theory of market capitalism, 
which according Rifkin is related to the fundamental premise and requirement of scarcity.   
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Box 4: 
 
 
Box 4 illustrates the basic economic problem of unlimited wants in a world of finite resources. The competitive 
market allocates scarcity efficient (pricings-mechanism) and fairly (meritocracy: connection valuable 
contribution and valuable return). Within the competitive market then, there is a structural incentive to reduce 
marginal production costs in order to obtain and or maintain market share (profits). This structural incentive, 
reveals according Rifkin (2014) a deeply imbedded paradox within the theory of market capitalism.   
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Box 5:  
 
 
Box 5 shows that the reduction of marginal costs becomes a problem when they begin to approach the zero. 
On that moment an abundance can be created, making the commodity essentially free of price (loss of 
exchange value) and unsellable within the marketplace. The paradox within market capitalism concerns its 
inherent tendency toward zero marginal production costs due to competition, while actual zero marginal 
productivity would affect the core dynamic of market capitalism, due the loss of exchange value and profits. 
The zero marginal costs phenomenon, which now only exists within digital goods, will according to Rifkin, be 
extended toward the realm of physical goods and energy due to the technological innovations of the Third 
Industrial Revolution.     
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Box 6:  
 
 
The fundament of the Third Industrial Revolution is the emergence of the new energy - communication 
configuration between the renewable energies and the Internet of Things. This new configuration allows 
people to become prosumers (power plant and manufacturer), extending the zero marginal costs phenomenon 
into the world of energy and commodities. The generated energy and the self-produced commodities will 
never become completely priceless, but low enough to make them unsellable in the traditional market (Rifkin 
2014).     
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The paradox within market capitalism is that it has an inherent tendency toward zero marginal production 
costs, while the market itself does not offer a way of utilizing the resulting free goods and services of (near) 
zero marginal cost productivity, and they even threaten the market dynamic itself. This is due to the fact that in 
order to stay profitable within the market, scarcities, exchange values and dependencies need to be preserved. 
Without them, there are neither profits, earnings nor jobs, thereby devastating the market dynamic.  
 
Chris Anderson states: ‘’My college textbook, Gregory Mankiw's otherwise excellent Principles of Economics, 
doesn't mention the word abundance. And for good reason: if you let the scarcity term in most economic 
equations go to nothing, you get all sorts of divide-by-zero problems. They basically blow up.’’ (2005). 
 
So, if one would want to preserve market dynamics, one needs to avoid the creation of possible abundance, or 
at least find sufficient additional scarcities around that abundance. But what we need to ask ourselves is 
whether we truly want to preserve market dynamics and its inherent preservation of scarcities, if it was 
possible to build a society on the premise of abundance through the full utilization and development of zero 
marginal costs production processes? 
 
THE EMERGENCE OF A NEW ECONOMIC PARADIGM: COLLABORATIVE COMMONS  
Rifkin suggests that the phenomenon of zero marginal costs as a result of market capitalism, also results in the 
emergence of a new economic platform. This new economic platform, which is directed toward the full 
optimization and utilization of zero marginal cost production processes without exceeding the planetary 
boundaries, is called the ‘The Global Collaborative Commons’. The following table indicates the major 
differences between market capitalism and the Global Collaborative Commons.  
Table 6: Market Capitalism vs Collaborative Commons 
Economic 
paradigm: 
Features:  
MARKET CAPITALISM GLOBAL COLLABORATIVE COMMONS 
Physical conditions: 
Complexity of the  
infrastructure: 
First and Second Industrial Revolution 
Energy: Oil & Coal (Nuclear) 
Communication: Centralized electricity 
Third Industrial Revolution 
Energy: Renewable  
Communication: Internet of Things 
Man-made capital: Scarcity-based:  Abundance based: Zero marginal costs 
Natural capital: Beginning: Abundant - Today: Scarce 
Nonrenewable = scarce 
Renewable =abundant 
Social conditions:   
Mode of 
complementarity: 
Competitive self-organization: 
Primacy of self-interest and competition 
Collaborative self-organization: 
Primacy of self-interest through common 
interest 
Mode of 
collaboration 
Making a ‘trade’ or ‘deal’ Co-creation and sharing 
Primary incentive: 
Profit maximization and material gain 
(extrinsic motivations) 
Collaborative interest and communion 
(intrinsic motivations) 
Awareness: Ego-system awareness Eco-system awareness  
Value: Exchange value and financial capital Utility value and social capital 
Property  
Based on: Private ownership 
Property rights & patents 
Based on: Access and sharing networks 
Open source and creative commons 
Organizational 
structure 
Hierarchical structures: 
Production - Consumption 
Lateral Networks (P2P): 
Prosumers 
Dream (Utopia) 
From rags to riches: infinite growth in 
personal wealth.  
Providing a high quality of life for every 
human being on a sustainable fashion 
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Box 7: 
 
 
The Collaborative Commons is about the collective cooperation for abundance and collective utility value. Like 
the Wikipedia website that is the result of over 19 million contributors on a voluntary basis. Because the 
website is free accessible, it doesn’t generate (much) exchange value, but it has created an enormous utility 
value. The Collaborative Commons is the extension of this dynamic into many aspects of our life, from the 
sharing of renewable energies, 3D printing designs within creative commons (Thingiverse), and open source 
education platforms like Coursera.  
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Rifkin suggests that the platform of the Third Industrial Revolution causes the turn from ‘’mass-production 
towards production by the masses’’, which changes the traditional separation between producers and 
consumers, creating lateral ‘peer to peer’ networks of prosumers. The question I keep asking myself is: how 
much can we organize within such a collaborative open source platform (like Wikipedia) in order to provide for 
everyone’s basic conditions in order to have a happy, joyful and meaningful life, without overconsumption and 
exceeding sustainable boundaries? Rifkin suggests that with the implementation of the sustainable energy 
internet, advances in 3D printing technology, recyclability of its feedstock and the creative commons could 
generate an abundance of (near) free energy and life supporting products to everyone. 
Rifkin then equates the shift from Market Capitalism to the Global Collaborative Commons with the 
developmental pattern within eco-systems, suggesting that: ‘’the same laws of energy that determine the 
optimum well-being of nature’s mature ecosystems operate in the public domain. In a climax ecosystem like 
the Amazon, the thermodynamic efficiency is optimized. The consumption of matter does not significantly 
exceed the ecosystems ability to absorb and recycle the waste and replenish the stock. In a climax ecosystem, 
the symbiotic and synergistic relationships minimize energy loss and optimize resource use, providing 
abundance for each species needs. Similarly, in the economy, the optimal efficient state is reached when 
marginal cost approach zero. That is the point at which the production and distribution of each additional unit 
and recycling of waste requires the least expenditure of energy in the form of time, labor, capital, and power 
generation, optimizing the availability of resources’’ (Rifkin, 2014, p.186).  
Critical reflection of Rifkin’s notion of zero marginal costs & the Collaborative Commons  
Rifkin argues that the notion of organizing economic life around abundance and use and share value, rather 
than scarcity and exchange value, is so alien to the way we conceive of economic theory and practice that we 
are unable to envision it (2014, p. 273). The point is, even though I’m an advocate and believer of its potential, 
there are lot of things that need to be examined and specified in order to make it work. The description of zero 
marginal costs and the abundance based collaborative commons as a new economic paradigm does indeed 
raise a lot of questions and criticisms. Here I will discuss some of the most prominent questions and criticisms 
that have been mentioned within reviews.  
 Are the concepts of abundance and sustainability not completely contradictory? Wouldn’t it be more 
logical to argue that we move toward an age of asceticism rather than an age of abundance? Rifkin argues 
the following: ‘’If the technology platforms of the first and second industrial revolutions aided in severing 
and enclosing of the Earth’s myriad ecological interdependencies for market exchange and personal gain, 
the Internet of Things platform of the third industrial revolution reverses the process. .. It helps humanity 
reintegrate itself into the complex choreography of the biosphere, and by doing so, dramatically increases 
productivity without compromising the ecological relationships that govern the planet’’ (2014, p.14-15). 
Abundance, according Rifkin, is a slippery word. Traditionally it simply means sufficient access to resources 
to ensure a flourishing life. But sufficient is a relative concept, while the sustainability of the planet is not 
(2014, p.274). Rifkin’s collaborative commons therefore departs from this latter point (resource based) 
rather than the relative notion of what people perceive as sufficient (demand based). The Third Industrial 
Revolution strives to optimize resource availability within sustainable limits, while the collaborative 
commons presume that the best way of doing this is by collectively using zero marginal costs production 
processes, thereby creating collective utility and share value, emphasizing accessibility rather than private 
ownership.  
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Table 7: Scarcity versus Abundance  
Scarcity based Abundance based 
There isn’t enough for everyone There is enough for everyone 
Scarcity = profitable in exchange value  Abundance = profitable as utility and share value  
Dynamism: Take things out of their scarcity, but 
because the system feeds off scarcity, it also needs 
to be preserved.  
Dynamism: collective collaboration for the 
production of accessible abundance for everyone 
(Wikipedia-like)   
Allocation: production - consumption - price - 
private property 
Allocation: Sharing between prosumers 
Sustainability 
Demand based   Resource based   
Based on: Most profitable energy source (fossil 
fuels) 
Based on: Sustainable energy internet 
 
 If the collaborative commons is based on an economy where virtually everything is free, doesn’t this 
inevitably lead to increased consumption and thus exhaustion? (Atkinson, 2014). Rifkin refers to Gandhi’s 
principle that ‘there is enough to satisfy every man’s need, not for every man’s greed’ as the golden 
standard. Somehow we would simply halt or slow down our consumption when goods and services become 
essentially free of charge? How Rifkin sees this brake on consumption is a puzzle. He seems to argue that if 
we remain in an individualistic and scarcity based mindset, in which material possession is considered to be 
a measure of success which reflects valuable contributions to society, then yes, we will overconsume the 
planet. But Rifkin argues that the collaborative commons is accompanied by a common mindset, which 
prefers common wealth over personal wealth and sustainability over excessive consumption.  
 How to reward valuable contribution and limit free-riders? Another issue concerns the incentive for 
innovation and hard work. Within the market we create this incentive by placing a personal monetary 
reward on a valuable contribution. The collaborative commons does not emphasize such a personal reward, 
it directly emphasizes collective utility. Raymond (2014) asks Rifkin, ‘’who is going to fix your plumbing?’’ 
The possibility to live free of charge does not stimulate people to work or innovate, will public utility really 
be enough of a reward in itself? Can people work solely from an intrinsic motivation? Will people feel 
sufficiently recognized and appreciated for their contributions, especially when they benefit others equally? 
Rifkin states that it’s the new energy-communication configuration of the Third Industrial Revolution isn’t 
only expanding our consciousness and empathic reach, it’s also accompanied by more humane, 
collaborative and ecological values. The collaborative commons thereby spawns  a new kind of incentive, 
based less on the expectation of extrinsic financial reward and more on the desire to advance the social 
well-being of humanity (2014, p.21).  
 
The Collaborative Commons is a configuration comparable to the developmental pattern of the complementary 
phase. On the specifics however, there are still a lot of questions that require further research and elaboration.  
E. FROM ‘MERITOCRACY’ TO ‘BASIC INCOME’ - THE QUESTION OF ALLOCATION IN RELATION TO 
AUTOMATION:  
 
‘’I am afraid to even ask this, but since when is unemployment really a problem? I understand we all want 
paychecks -- or at least money. We want food, shelter, clothing, and all the things that money buys us. But do 
we all really want jobs? We're living in an economy where productivity is no longer the goal, employment is. 
That's because, on a very fundamental level, we have pretty much everything we need. America is productive 
enough that it could probably shelter, feed, educate, and even provide health care for its entire population with 
just a fraction of us actually working. … Our problem is not that we don't have enough stuff -- it's that we don't 
have enough ways for people to work and prove that they deserve this stuff’’ (Rushkoff, 2011) 
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It wouldn’t be farfetched to argue that the success and growth of the market system can partially be ascribed 
to its underlying meritocratic value system. The meritocratic value system refers to the complementary 
connection between valuable contribution and valuable return. When we are all working and contributing, a 
wealthy society will follow. This doesn’t sound that strange, especially when a lot of work is required in order 
to provide for our basic needs and a qualitative life. But as Rushkoff’s quote indicates, the current goal of work 
is not so much about the added value of goods and services we create; it’s the other way around. We are 
generating goods and services in order to create and preserve jobs. The meritocratic value then, stating that 
everyone ‘should’ work, seems to create more harm than good from an ecological perspective in the current 
context. Viewed like this, it seems that ‘keeping everyone employed’ requires far more energy/materials and 
produces much more waste, than producing the same level of wealth (approximately) with lesser people. The 
benefit of the meritocratic value system however, is that it offers a fair allocation system, which becomes a bit 
of a problem when only a fraction of the people would and could work. The main issue of this section, is that 
we really do have to think about other ways of fair allocation other than meritocratic values, because of the 
increasingly innovations within the technology of automation.           
The technological revolution of the 3D-printer (as described earlier) will have a major impact on industries and 
employment. But the 3D-printer is only one of many technological innovations affecting the labor market. The 
documentaries of C.G.P. Grey (‘’Humans need not apply’’, 2014) and Sam Vallely (‘’Will work for free’’, 2013) 
suggest that there isn’t a single economic sector that will not be influenced by the technological innovations of 
automation, figure (53) shows some examples.   
 
The automation technologies are developing very quickly, and these technologies are beginning to become 
faster, cheaper, more accurate and in some cases smarter than human beings. This means that when these 
automated technologies are implemented, other businesses need to follow in order to stay competitive. An 
Figure 36: Automation technologies and economic sectors  
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Oxford study estimates that 47% of American an 54% of European jobs are threatened by automation, not in 
the distant future but in less than twenty years (In: Bregman, 2014, p.77). The traditional perspective on 
technological innovation argues that this would not be a reason to worry, because all technological innovations 
both replace and create jobs. The total amount of available jobs therefore, is considered to be constant, which 
is called ‘the lump of labor’. Although the lump of labor argument seems to be correct within the context of 
the first and second industrial revolutions, there is also good reason to doubt this argument within the context 
of the upcoming technological revolutions. The reason for this according Rifkin and Ray Kurzweil (2005) is 
because the technology revolutions are beginning to approach singularity. This term is actually quite complex, 
but here it is sufficient to refer to the notion that automated technologies and artificial intelligence not only 
becomes smarter, faster, more accurate and cheaper than human hands and minds, but they also develop 
much faster so that our current intelligence is unable to comprehend the resulting society. Concerning human 
labor, these new technologies will create new jobs, but we should not deceive ourselves by thinking that these 
newly created jobs are remain reserved for human hands and minds, if they can be automated as well. This is 
referred to as the ‘the lump of labor fallacy’ (Vallely, 2013). 
There are two general reactions people have when presented with this image. The first is being terrified by the 
idea of losing their job in the future, or worry about the general level of unemployment in society. Others 
perceive the development of these technologies as an amazing and unique opportunity. Although I place 
myself within the latter group, I fully understand the first. The difference in these opposing reactions can be 
explained by the underlying paradigms through which people perceive these developments. Perceived from 
the current situation, where we uphold the idea that almost everyone should contribute to society in the 
traditional job structure (workfare), the automated technologies are indeed frightening. Some may argue that 
technology isn’t capable of replacing all human labor, and I believe they are right about this. But perhaps it isn’t 
the question whether or not human hands and minds are required or not, it’s about what level of 
unemployment a society can handle before it starts to malfunction. And it’s doubtful that we can maintain such 
a functional level of employment.    
But what if we take job-loss through automation technology to be a given fact? Then we need to rethink the 
meritocratic value system as the fair organization of human society, against the light of these developments. 
The argument that everyone should contribute to society loses credibility when the automation technologies 
are to become a new reality? Even if people are willing to contribute, it may simply be too expensive in relation 
to their automated counterparts. At the other end, when employers fire their employees and replace them by 
machines, is it still fair that the revenue from these automated farms, warehouses, transport services etcetera 
are still owned by a select few? When we empathize with the hard working entrepreneur, who takes the risk of 
investing in these automated technologies, we could state that this person indeed deserves his rightful profits. 
Simultaneously, these former employers also need to recognize that if this trend would continue to happen on 
a large scale throughout different sectors, the economic demand and purchasing power of the population 
would drop considerably due to of the unemployment. This means that the maintenance of the current way of 
organizing within the new technological context is eventually not going to work for both parties (employers-
employees). This makes it paramount to discuss the question of how to allocate wealth within the upcoming 
situation, especially when meritocratic values may no longer prove to be effective, justifiable or preferable.      
So far we have focused the potential problems that could arise from automation, but there are also 
opportunities. What if we would own these automated enterprises collaboratively, as a common sector, by 
which we all receive a small share of its proceeds? At the same time we terminate all current social welfare 
funding and all the accompanied costs for regulating and controlling these funds, and transform these proceeds 
with the collective shares of the automated enterprises into a basic income a for everyone. This, combined 
with the zero marginal cost phenomenon and abundance, 3D-printers, circular production processes, the 
energy internet and lateral networks of prosumers, we could actually be entering a very bright future. But I do 
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not want to get ahead of myself. Let’s look a bit closer to the ideas of collaboratively owned automated 
enterprises and basic income, for several issues need to be addressed:  
i. Not everything can be automated and a certain amount of work still needs to be done by humans. 
Rutger Bregman argues in line with some big historical names like John Stuart Mill, Karl Marx, John 
Maynard Keynes and Bertrand Russell that a 15 hour workweek wouldn’t be such an bad idea (2014, 
p.29-42). According to Bregman, the 15 hour workweek might solve nothing less than stress reduction, 
climate change, unemployment and inequality (p.41, 43). The main problem however is that the shorter 
workweek, as well as the basic income, is too expensive at this point. Governments like the Netherlands 
argue that we should work harder and longer in order to remain competitive with India and China: 
working less would cause a disruption in general quality of life, as well as the remaining welfare state. But 
that is exactly the crux, because the ever continuation of competition, working harder and growth isn’t 
going to deliver the maintenance of the quality of life either. A shortened workweek and universal basic 
income however, could be perceived as parts of the more general systemic transition, than as individual 
reforms within the current paradigm.    
              
ii. The basic income would destroy the incentive to work and innovate. The presumption exists that people 
will become lazy, bored and stressed, and they need work to find meaning in their lives. Even fellow 
students are telling me that they are terrified by the idea of not having a job, but I don’t think that 
automation and the basic income will cause people to become lethargic, passive and depressed. The idea 
that leisure time refers to doing nothing ‘valuable’ is incorrect, along with the notion that basic income is 
the equivalent of not having to work. Work within the new situation however, could be organized around 
what we intrinsically value, instead of that which creates profits or wages (extrinsic value). We could use 
Hannah Arendt’s distinction between ‘Labor’ and ‘Work’ (1958). Here ‘Labor’ refers to the activities that 
are required to stay alive or cover the cost of living, ‘Work’ is that what we do for self-fulfillment and 
other forms of value creation. Many jobs in current situation are ‘Labor’ activities. We can think of some 
low-paid jobs that nobody really wants to do (sweatshops), but even amongst well-paid jobs there exists a 
large percentage of people who do not see any further purpose or meaning of their work, or who cannot 
align themselves with the mission or activities of their company (around 50% according to recent study of 
Harvard Business review: see Bregman, 2014, p.45). The implementation of automation technologies and 
basic income for everyone could be aimed at the replacement of ‘Labor’ activities, but this doesn’t mean 
we can’t ‘Work’ anymore. On the contrary, ‘Working’ could be the center our working activities, in which 
the primary incentive isn’t monetary reward but the creation of intrinsic value and of meaningful activities 
for a good life.  
 
iii. The basic income would reduce our incentive to innovate and educate ourselves. The greatest 
experiment on the effects of the basic income suggest otherwise. The Canadian Mincome experiment 
started in 1974 and was completely abandoned after four years because of the neo-liberal policies set by 
Reagan and Thatcher. Evelyn Forget discovered the unanalyzed data of the Mincome experiment in 2004, 
to which she was granted access in 2009. After analyzing the data, she came to the conclusion that the 
results did not only show little decrease in the total amount of hours worked, but school performance 
increased, hospital visits decreased, as well as domestic violence and psychological problems. The 
Mincome experiment increased the overall health of the city, according to Forget (In; Bregman, 2014, 
p.61). A similar experiment that was conducted in America prior to Mincome, showed that a reduction of 
working hours among youths was almost entirely compensated by extra education (In; Bregman, 2014, 
p.61). 
 
The alternative to the scenario of immense unemployment and inequality, is that we get rid of the idea that we 
‘must’ work for our money (meritocracy), says Bregman. The labor market is becoming decreasingly applicable 
for ‘fair’ allocation of wealth, and if we do want to utilize the blessings of technology, only one possible option 
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remains, which is a lot of redistribution (Bregman, p.88). The collaborative or common ownership of 
automated production processes in combination with a basic income have always been a utopian dream (Oscar 
Wilde for example), but now we are beginning to have means for the actual realization. The 15 hour workweek 
and basic income do not offer solace when they are implemented within the current context, because we still 
have to earn this money collectively in order to pay the required taxes for the basic income. Even when the 
Mincome experiment suggests that we keep working, I still think it remains too big of a risk. But a few weeks 
ago, an expert in 3D-printing told me that although the technology was great, they were wasting time and 
energy by making objects the same as they were made before of the 3D printer. Why don’t we begin to make 
objects based on what this new technology can do so efficiently? It occurred to me that the same type of 
reversal might also be true for our economic system: instead of incorporating the new technologies within the 
current system, we could also begin to build a system based on the possibilities of these technologies. Within 
this new configuration, the 15 hour workweek and basic income can offer viable solutions to the inevitable rise 
in unemployment and inequality, and in addition, to sustainable abundance.    
F. FROM ‘QUANTITATIVE GROWTH’ TOWARD ‘QUALITATIVE DEVELOPMENT’ - MEASURING ECONOMIC 
SUCCESS:  
´´GNP measures everything, except that which makes life worthwhile´´ (R.F. Kennedy, 1968) 
 
What defines economic success? For people living during the first and second industrial revolution, it was the 
overall increase of goods and services per capita that provided a general increase in wellbeing. Today however, 
the one-dimensional measurement of quantitative growth of goods and services that are sold in the 
marketplace no longer reflect the actual wellbeing of its participants. This is illustrated best by the very strange 
contradictions of Gross Domestic Product as the measurement of economic success and general wellbeing. For 
example, the increase of expenditures for cleaning up toxic waste, police protection, the expansion of prisons 
and medical facilities, increased sales of medicines, and military appropriations, all positively affect the GDP, 
but it would be strange to say that they are signs of an actual increase in general wellbeing (Rifkin, 2014, p.20 & 
Capra, 2009, p.5). Meanwhile, the zero marginal cost phenomenon affects general wellbeing in a positive way, 
but could drastically decrease GDP. Many other non-monetary and qualitative aspects of our lives like (mental) 
health, happiness, leisure, meaningfulness and purpose of life are not included in this one-dimensional 
quantitative measurement of economic activity, but are expected to follow from a rise in GDP. In short, 
measuring the sum of transactions within an economy does not discriminate the quality of those transactions, 
nor does the ever increasing material consumption actually continue to contribute to the wellbeing of 
consumers (Scharmer, 2013, p.119). Herman Daly even suggest, that further growth of GDP (after the optimal 
scale) is producing ‘bads’ faster than ‘goods’, suggesting that the one-sided emphasis on continual GDP growth 
needs to be replaced. Even the creator of the GDP Simon Kuznets, suggested in 1934 that this one-dimensional 
measurement shouldn’t be confused with overall social progress (In: Capra, 2009, p.5). He even suggested that 
the expenditures for military purposes, advertising and financial industries should not be included (in: 
Bregman, 2014, p.170).   
When we perceive growth and success from an ecological perspective, we can immediately state that ‘no 
growth’ is not the answer. That is because growth is a central characteristic of life on all scales, from cells, to 
organisms, economies and ecosystems. But, as one of the fundamental notions of this research argues, the 
growth of living systems is not linear nor unlimited, but shifts from an exponential quantitative growth towards 
qualitative development, from maximization toward optimization, which is represented by the natural S-curve. 
Capra suggest that ‘growth’ and ‘economic success’ should simply refer to what enhances the quality of life 
(Capra, 2009, p.4-8). What enhances life within the competition phase could be described as quantitative 
growth, increased energy consumption and rapid colonization of territory. Within the complementary phase 
however, that which enhances life are complementary networks with synergistic relationships that can reduce 
their joint entropy production. The complementary system reaches a steady state which doesn’t consume 
more energy and materials than the environment can replenish. Since the further exploitation of external 
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resources and depletion of ecosystem services is far more likely to decrease quality of life, the focus of 
economic growth should be directed towards qualitative enhancement within the limits of sustainability. 
Measuring economic success should therefore be aimed at supporting valuable, healthy, meaningful, wealthy, 
ethical, happy and joyful lives for all of its members without depleting the ecological cycles they ultimately 
depend upon.  
A further increase in GDP is not going to achieve this because it does not include any social, ecological or 
spiritual dimensions, only the dimension of monetary transactions. There are many other ways to measure that 
do incorporate these factors, such as the Gross Happiness Index, the Index of Sustainable Economic Welfare, 
Genuine Progress Indicator and the Happy Planet Index. Especially the Index of Sustainable Economic Welfare 
caught has my attention, because it shows the relationship between GDP growth and the production of ‘goods’ 
and ‘bads’. But there is another way to measure economic success that is even more compatible with the 
features and goals of the complementary phase, which is the Common Welfare Matrix or the Gemeinwohl 
Ökonomie (Economy for the Common Good- GWÖ) by Christian Felber (2010). Felber recognizes the 
disconnect between the financial balance sheet of a company or national economy and the actual value they 
generate for society or the damage they do to the environment. Success in the Common Welfare Economy is 
therefore no longer measured in financial terms, but in indicators that measure the contribution to the 
common welfare, like human dignity, solidarity, environmental sustainability, social justness, democracy and 
transparence. These parameters of the Common Welfare Matrix however, are not imposed nor fixed, but 
formulated through a co-creative bottom-up process. Another important aspect is that the GWÖ recognizes the 
disconnect between self and common interest. Felber states that the overemphasis on competition and self-
interest and their associated value is causing a deep cultural crisis. This because the competitive and self-
maximizing values are seemingly opposite to the values we tend to appreciate within our interpersonal 
relationships, like trust, cooperation, appreciation and solidarity. The focus of the GWO movement then, is to 
put these values back in the center of economic activity by rewarding cooperation and the pursuit of common 
interest. (see for more information on the GWÖ transition: (Felber, 2010 & Ecogood.org). 
The difficulty with the GWÖ and the other instruments that are used measure the economy beyond monetary 
transactions is that they attempt to quantify the qualitative. The objection here is that such measurements can 
never be objective. Indeed, the quantification of the qualitative always represents a subjective image, because 
underneath the quantifiers there are always hidden assumptions, judgments, choices and values. But the same 
is true for the GDP measurement, even though it only measures quantities. Neutral measurements and figures 
do not exist, according to Bregman, but more importantly, they do direct our behavior toward specific goals. 
They are part of the gaming rules which determine the direction of our actions. Where the GDP emerged within 
the economic crisis of the 1930’s to solve the challenges of that time, the current challenges like 
unemployment, depression and of course the environmental circumstances require new sorts of 
measurements and figures (2014, p. 169). However, only changing the measurements tools for economic 
success toward preferable outcomes will not suffice. Again, the current GDP measurement cannot be 
decoupled from other systemic elements, and is merely the result from their workings. But we are getting real 
close to the systemic heart.          
G. FROM ‘MONETARY MONOCULTURE’ TOWARD ‘MONETARY ECOSYSTEM' 
‘’Striving for sustainability without restructuring the monetary system is a naïve approach and doomed to fail’’ 
(Lietaer, 2013, p.29). 
With this quote of Bernard Lietaer we have reached the fundamental aspect of the current system that needs 
to be changed in order to create a sustainable and prosperous future. We live in a world in which almost all 
nations are in debt and where large amounts of private debt exist, and if everyone would repay their debts, 
there wouldn’t be any money left in the economy. This is not surprising, because debt is an inherent 
consequence of the current money creation process: money and debt are literally two sides of the same coin 
within the current system. The existence of debt, especially because it’s charged with compounding interest, 
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imposes further economic growth, the preservation of scarcity, the necessity of having jobs, wasteful 
production schemes and enforces competition and ego-system awareness, thus deeply connected to all the 
systemic shifts discussed so far. The major problem is that infinite numerical realm of the compounding debt is 
completely decoupled from the possibilities of the finite physical world, whereby the pursuit of infinite 
repayment will clash with the earth’s biophysical carrying capacity. ‘’You cannot permanently pit an absurd 
human convention, such as the spontaneous increment of debt (compound interest), against the natural law of 
the spontaneous decrement of wealth (entropy)’’ (Soddy, 1926, p.30)  
In part two I’ve argued in line with Lietaer, that the current monetary system was invented within a different 
time with a different worldview and another set of priorities and challenges than we have today (Lietaer, 2013, 
p.2). The inherent effects of the monetary system that supported those goals and contributed to the amazing 
achievements of the industrial age, now become counteracting forces for the transition toward a socio-
economic structure which is oriented on the upcoming possibilities and challenges.  
THE CURRENT MONETARY SYSTEM IS NOT THE ONLY POSSIBILITY 
One of my most important insights during this research is that the current money isn’t a neutral means for 
facilitating more efficient barter exchange, and that the ‘kind’ of money we use today is shaping and directing 
all sorts of unsustainable behaviors (Lietaer, 2012, p.138, Toxopeus, 2014). The current ‘kind’ of money is the 
‘interest bearing bank-debt money’ that can be created out of thin air due to the fractional reserve policy. In 
Part II we showed that for every monetary-unit that is entering the economy, a larger amount of debt is 
created. The total sum of debt always exceeds the available money in the money supply, meaning that new 
money is always required to repay the compounding interest of the debts, which can only be provided by new 
loans. These loans then, are given to creditworthy entities, meaning that they are expected to create more 
money in order to repay the debt plus interest. This dynamic causes the required need for economic growth, 
perpetuates scarcity and breeds competition (Lietaer 2013, p.2, Toxopeus 2014, Rowbotham 1998, Dyson 
2014).                                                                                                                                                                                                                                                                                                                                                       
 
The reference to this ‘kind of money’ and this ‘particular monetary system’ suggest that there are other sorts of 
money and monetary systems. Indeed, Bernard Lietaer, Charles Eisenstein, Arkel (Toxopeus) and Douglas 
Rushkoff all show that other types of money systems have been utilized through history. These insights 
however, have barely been discussed within the last 30 years. Before the burst of the real estate bubble in 
2008, where we almost dogmatically accepted the ruling monetary system as the only possibility. Fact is that, 
the monopoly of the current ‘interest bearing bank-debt money’ is established through governments by only 
accepting the payment of (income) taxes in this specific currency. The fixation of the payment of taxes in a 
specific currency is what gives that currency value. But an increasing number of scholars since 2008 are 
becoming aware that the fixation of the current monetary system is not the only possibility, and actually based 
on a choice.  
 
‘’The monetary system has increasingly began to dominate our society. Social welfare, individual development, 
entrepreneurship and environmental conservation are increasingly being subordinated to monetary purposes. 
We accept a monetary system that causes inequality, devours nature and deprive us from possibility to make 
sustainable choices, because we think that there is only one kind of money’’ (Arkel & Toxopeus, 2014, p.21).    
Before we turn to these other types of money, it’s wise to ask ourselves what money actually is? Eisenstein 
and Lietaer argue that many textbooks on money will only tell you what money does, for example a store of 
value, a unit of account and/or a medium of exchange. These aspects however, do not say anything about what 
money actually is, only how it functions. From a complexity perspective, money is facilitating the extension of 
energy flows (exchanges) into larger complementary networks, but this abstraction also refers to the 
functioning of money. Money then, according to Eisenstein, is first of all ‘an agreement’ (2009, Chapter 3). 
What truly gives money value is its acceptance, whereby the acceptance can be imposed from above by 
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specifying tax requirements. But ‘what’ is chosen to function as money is not neutral, generating a specific 
dynamic, with specific values and goals. The acceptance of a specific kind of money then, according to 
Eisenstein, is in fact an embodied agreement of a specific story which focusses the intentions of its participants 
(p. 45).  Probably the best way to elucidate this relationship between a specific kind of money with its specific 
dynamic, values and goals, is by showing the differences between ‘gold-based money’ and ‘grain-based 
money’. Both money systems already existed side by side in ancient Sumer 4500 years ago (Toxopeus, 
2014,p.83), but were also used for example in the tenth to thirteenth century of the middle ages (Rushkoff, 
2011, p.163).  
 
Figure 37: Gold and Grain Based money 
According to Rushkoff (2011), communities who used both kind money systems simultaneously, like European 
communities between the tenth and thirteenth century, where the most prosperous working class ever 
(p.164). They enjoyed four meals a day, worked only six hours a day for four or five days in the week, unless 
they were celebrating one of about 150 annual holidays. Medieval scholars almost unanimously claim that the 
quality of life of European people between the 11th and 13th century was better than any other period in time, 
including today (In: Rushkoff, p.166). The success of this period is partly due to the usage of multiple 
currencies, one gold-based for long distant trading, and one local grain-based currency.  
 
What does this tell us? First of all it shows that our preconceived notion of our current currency as the only 
possibility is simply wrong. Monetary systems with multiple currencies have not only been used throughout 
history, they also generated very prosperous societies. Secondly, the specific type of money is influencing the 
dynamic of the economy. Gold-based money seem to promote competition, ego-system awareness, the 
hoarding of money (concentration of wealth), and investments based on profitable returns. In contrast to 
grain-based money which seem to promote collective investments, cooperation, community, the circulation of 
money and investments in sustainable commodities. Because we are becoming aware that different types of 
money create different dynamics which are directed toward specific ends, we have the opportunity to analyze 
and rethink the current monetary system toward goals we want to achieve.  
 
The value of the current money is backed by a story of ever accelerating growth, and forcing its users toward 
that goal (Eisenstein, 2009). We are realizing that this story of ever accelerating growth is not only referring to 
a biophysical impossibility, it imposes competition and the concentration of wealth, affecting the underlying 
social capital of communities. We are almost obligated to focus on short-term profits rather than long-term 
and sustainable investments, creating wasteful cyclical consumption strategies (planned obsolescence) of 
production, advertise for increased consumption and invest in speculative financial markets that rest on top 
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and even subtract value from the real economy. What we are doing is trying to keep a specific economic engine 
running, while that engine itself was built for a different age with different purposes, challenges and 
opportunities. The current monetary system, as central element of that engine, played an important and 
positive role in the development of human society, but its positive feedback-loop of creating (compounding) 
debt and (exponential) growth cannot continue forever.  
 
‘’Unsustainable processes do happen in nature, and they are no aberrations, they too serve a purpose: to propel 
systems from one state to another. Positive feedback phases (exponential growth) take an organism or an 
ecosystem from an old steady state to new one’’ … ‘’Perhaps humanity too is maturing (complementary phase): 
self-organizing into mutualistic wholes in which competition and growth are no longer primary’’ (Eisenstein, 
p.251).             
 
Where the current money is the money of growth, which is perfectly aligned with humanities competitive 
growth phase, we now have to restructure the monetary engine which causes a dynamic that is more aligned 
with the features of the complementary phase. As stated before, the kind of money we use is based on a 
choice, an agreement, and generates specific dynamics, upholds specific values and serves specific goals.    
 
‘’The solution is to restore money to its proper role, that is, to implement a story, an embodied agreement that 
assigns roles and focuses attention’’ … ‘’It’s to imbue money with the story of value that we want to create’’ 
(Eisenstein, p.166).     
CHANGING THE MONETARY SYSTEM  
During my research I’ve found at least two ways to change the current monetary system. The first is about 
changing the system by complementary currencies, like Lietaer’s proposal of a monetary ecosystem. The other 
is changing the conventional monetary system itself, like the Chicago plan, Positive money proposal or the 
Dutch citizens’ initiative Our money.     
Changing the system by complementary currencies 
Bernard Lietaer and Henk van Arkel argue that we could change the game rules of the economy by using 
complementary currencies. These new currencies combined with the traditional currency could create a 
monetary ecosystem, which according Lietaer, could provide for more stability stable than the traditional 
currency and could actively stimulate preferable goals, like sustainable developments, better healthcare and 
stimulating local economies. The challenge then, is to develop complementary currencies that are in line with 
the story and values of the complementary phase, and whose dynamic is aimed at:  
 
- Reduce climate change (sustainability) 
- Reduce poverty and extreme inequality (healthy connected system) 
- The creation of a sustainable abundance (toward the TIR and Collaborative Commons) 
- Rewarding cooperation and (collective) sustainable investments (social capital) 
- Stimulating eco-system awareness (interdependency)  
- Life-values (real economy) instead of money-values (financial speculation)  
- Money circulation instead of hoarding  
- Absorbing shocks from the main economy/currency (financial stability)  
- Qualitative development instead of a required quantitative growth (steady state) 
 
Today, there already existing a lot of complementary currencies, from supermarket seals, Bitcoins to Local 
Exchange Trading Systems (LETS) like Noppes from Amsterdam, and complementary currencies like the Bristol 
pound the WIR in Switzerland. Beside these already existing systems, there are also possibilities for much 
larger projects like Civics, Eco’s and the Social Trade Credit Circuit.  
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Figure 38: Civics - Based on Lietaer 2012 
 
Figure 39: Eco’s - Based on Lietaer 2012 
 
Figure 40: Social Trade Credit Circuit - Based on Toxopeus & Arkel 2014 
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The Civics and Eco’s systems illustrate how regions or entire continents can be stimulated towards socially and 
environmentally desired goals by designing new FIAT currencies. The value of these currencies is generated by 
a civic or eco tax, which can be earned by contributing to the social and or environmental projects, or bought 
with normal euros. The social and environmental goals can be achieved without conventional monetary costs, 
and the FIAT currency creates a new source of income for unemployed. However, where the Civics currency 
may be implemented within the boundaries of the law, the ECO’s currency will encounter larger legal 
complications. Lietaer refers to the study ‘’The Cash Nexus’’ by Niall Ferguson (2001), who argues that all major 
shifts in public finance have occurred in times of war. In order to make the ECO’s currency legal according 
Lietaer, we need to declare war on climate change.      
The ambition of Henk van Arkel and the Social Trade Organization (STRO) is to develop a monetary system 
which better supports ecological and social sustainability than the current monetary system. Henk van Arkel 
argues in line with Eisenstein, that money isn’t a natural law but a social construction, and thus an adaptable 
steering mechanism. ‘’It is worth considering what kind of society we want to pursue, and then consider what 
kind of money we need in order to accomplish this society’’ (Toxopeus, 2014, p.27). Because of the new 
possibilities of the internet, the new Cyclos-software is able to program different gaming rules, capable of 
providing interest free credit by using ‘claims on money’. The basis of the so-called Social Trade Credit Circuit is 
that the ‘money claim’ can be used as credit, without paying interest on this credit. This interest free credit 
enters a closed local circuit, wherein the hoarding of the credit is taxed, fast circulation is stimulated (like grain-
based money) and local purchasing power maintained until the predetermined date where the money claim is 
redeemed in normal Euro’s. According to van Arkel, these elements of the Social Trade Credit Circuit (interest 
free credit, hoarding tax, fast circulation and maintenance of purchasing power) contribute to an economy of 
enough (optimization, qualitative growth) rather than infinite growth (maximization, quantitative growth). He 
uses the Dutch terms of ‘groei’ and ‘bloei’ to describe the difference, which are analogue to the concepts of the 
competitive and complementary phase.  
Although interest free credit is making it more attractive to invest in sustainable developments (in contrast to 
interest bearing bank-debt money), it’s highly questionable whether this system of fast money circulation and 
degradation of money value, truly generates a sustainable society. The traditional argument states that low 
interest rates increase economic growth, and if the hoarding of money is costly, consumption rates will only 
increase, which both seem to contradict the notion of sustainability. When I questioned Henk van Arkel about 
this, he responded that he has struggled for 18 years on this problem. His remarkable insight however, is that 
interest free credit combined with hoarding tax is only stimulating growth and consumption at the beginning, 
but eventually slows down towards a natural replacement rate (S-shaped growth curve). In the current money 
system van Arkel argues, money does not represent the value of things, it actually competes with that which is 
of value. It is the interest on money which always requires new loans and thereby causing compulsory growth, 
and in addition the concentration of wealth and the focus on the money sequence of value (money as a goal in 
itself). Because of interest free credit and the hoarding tax, the money flow becomes more dispersed (less 
concentration of wealth - social sustainability) and real wealth becomes relatively more valuable than its 
representative (virtual money wealth). Money then doesn’t compete with that what is of value, but facilitates 
the organization of things that are of value (money as means - life sequence of value). This means according to 
van Arkel that we begin to make other choices, the quality of life-values become central, and money becomes a 
means to invest in these sustainable utility values (ecological sustainability). When this process begins, we can 
expect a lot of activity and growth, but the more sustainable utility values are installed, the pace of the 
economy slows down (towards a natural replacement rate), while its quality is maintained (natural growth).  
Henk van Arkel’s reasoning completely contradicts the traditional arguments related to interest, growth and 
sustainability. Although his arguments are reasonable and appealing, more research needs to be done in order 
to see whether his claims have empirical grounds. If it is true that Social Trade Credit Circuits stimulate 
participants to invest in sustainable utility values, this might be a very helpful strategy to build the foundation 
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of the Third Industrial Revolution (Smart energy grid, Internet of Things, Automated Commons & Collaborative 
Commons).   
According to Lietaer, the implementation of multiple currencies is not only beneficial to serve desired social 
and sustainable goals, it also contributes to financial stability.   
 
Figure 41: Monetary Ecosystem 
Although I’m very optimistic about the possibilities of complementary currencies, especially because they can 
be used to accomplish socially desired goals, stimulate sustainable developments and provide increased 
monetary stability, I’m still wondering how the complementary currencies can resolve the debt pressure from 
the conventional currency and its necessity of continual exponential economic growth. Therefore I also agree 
with Rowbotham when he argues:  
‘We should not have to dodge and compensate for an inadequate financial system by devising LETS schemes or 
supplementary exchange mediums. The financial system is our financial system, the conventional economy is 
our economy; and both have a responsibility to serve us - and we have a right to seek their reform.’ (1998, 
p.259).  
Changing the conventional monetary system  
Changing the current ‘interest bearing bank-debt money system’ will be incredibly difficult. During my writing I 
even became convinced that it would be impossible due to political infeasibility, I presumed that the banking-
lobby was simply too powerful to affect their business model. For example, after the burst of the real-estate 
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bubble, the discussion started about higher reserve requirements for banks, so that they could absorb future 
shocks more easily. They wanted to increase the reserve requirement from 2 or 3% to 5%, but even this reform 
already proved too difficult (Backlight, 2014, Herman Wijffels). While ecological economists like Frederick 
Soddy (1926), Nicolas Georgescu-Roegen (1971) and Herman Daly (2013) (who all shared a thermodynamic 
perspective on economics) argue that the only way for this system to become sustainable in the long run, a 
100% reserve requirement is required. Because this is the only way to shrink the perpetual increase of virtual 
debt which requirements will exceed the limited carrying capacity of a finite physical reality. Although, there 
have been proposals to change the monetary policy in this direction.     
 
For example, after the economic crash of 1929, economists like Irvin Fischer and even the young Milton 
Friedman advocated the so-called Chicago Plan in order to prevent such a crash from ever happening again. 
The Chicago Plan implied a 100% reserve requirement for banks, meaning that it became illegal for banks to 
lend more money than they actually possessed (prohibition of the fractional reserve policy). The Government, 
instead of private banks, would be in control of money creation, meaning that Governments did not need to 
borrow ‘interest-bearing debt money’, but spend debt & interest free money into existence (lietaer, 2012, 
p.180). Although the Chicago Plan has never been implemented in the US, similar proposals still exist today, for 
example the American Monetary Act (Stephen Zarlenga, Dennis Kucinich, 2010), Creating New Money (Joseph 
Huber and James Robertson, 2000), Positive Money Reform (Ben Dyson) and the Dutch Citizens Initiative: Our 
money. Especially the Dutch Citizens Initiative gave me new hope that an actual change in the conventional 
monetary policy is possible. Here I will shortly discuss their proposal.   
 
Dutch Citizens Initiative: Our money 
‘’The notion that you need to borrow money in order to live will become outdated’’ (Wortmann, 2014). 
The most important element of their proposal is that the right and duty of money creation belongs in the hands 
of a public institute, rather than in the hands of private banks (De Verleiders, Ad Broere and Stichting Ons 
Geld). Because of this Public Institute, Governments will be able to generate debt & interest free money. This 
public institute can bring this money into existence by spending it on things that serve the interest of the whole 
society. The public institute’s spending on societal developments will become more transparent and under 
democratic control, rather than serving profit motivations of the private banking sector. The banking sector is 
then obligated to shift toward a ‘full reserve banking’, meaning that they can’t create new ‘interest bearing 
bank debt money’ any longer. They will be able to lend money at interest, but only money they have received 
from savers. The essential means of power within society - the right to create and issue money - is brought 
back under democratic control.  
According to the Positive Money Reform proposal (similar to the Dutch Initiative), there are two broad choices 
to make the transition: a phased-in approach and an immediate switch. The phased-in approach is that the 
central bank (as public institute) starts to create money directly which can be spent into existence by 
Governments without debt and interest. Banks will still be able to create new money following the fractional 
reserve policy; however the amount they can create will be progressively restricted. The immediate switch 
approach means that the entire bank issued deposits that making up 97% of the money stock would be 
converted into state issued accounts. It’s almost bizarre that the change can be this easy, although I must admit 
that I do not fully understand the implications of this transition. See for a more detailed description of both 
processes: Positive Money: Creating a sovereign monetary system (Dyson, Jackson, Hodgson, 2014), Sovereign 
Money: Paving the way for a sustainable recovery (Jackson 2013), Our Money: Monetary reform and the 
transition (Wortmann, 2014).      
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Benefits:  
 Public and private debt: Klaas van Egmond (2012) argues that almost the same amount of money the Dutch 
Government needed to cut from their spending (14 Billion) was also required for the interest payment over 
the public debt. If the private banking accounts become State issued accounts, the Government receives an 
enormous amount of money, which according Wortmann can be used to pay the public debt. This means 
that the state is no longer in debt and doesn’t need to pay interest, which means less cutbacks and less tax-
pressure. But even after the repayment of the public debt, the Government’s would still possess excess 
money, which could be used to pay out a ‘citizen’s dividend’ in order to pay off private debts (citizens are 
obligated to pay off their private debts first). Excesses of the citizen’s dividend could be used for personal 
purposes. Without the societal debt-pressure, there is more space for qualitative (sustainable) investments.     
 Direction of societal development: Most credit is given today by banks to creditworthy entities, and by 
preference to high efficient money makers. The control of credit lending by private banks, and thus the 
direction of societies development, is therefore at least as much in hands of private bankers and their 
shareholders as it’s in the hands of the parliamentary democracy (Egmond, 2012). When the right of money 
creation is taken away from the private banking sector and transferred to a transparent and democratic 
public institute, the democratic Government is capable to spend money in the direction of needs rather 
than valuable returns. Wortmann argues that we really can think of combating hunger, poverty, waste, 
pollution, and the provision of education, healthcare and infrastructure. Most promising is that this is 
enables Governments to invest in the implementation of the Third Industrial Revolution and provide a 
universal basic income.  
 
The foremost problem with positive money (debt and interest free) is that all the money entering the economy 
will remain within the economy. Note that within the fractional reserve policy, the principal loan is destroyed 
after repayment to the bank, meaning that a part of the money supply is constantly removed. When money 
isn’t removed from the economy, a risk exist that too much money is entering the economy, which causes 
inflation or even hyper-inflation. The problem here, in my opinion, is that the only way to prevent inflation is by 
growing the economy (GDP). Although Dyson does describes possibilities for money removal, all the proposals 
do emphasize price-stability, meaning that the economy will still be directed to further growth. I agree 
however, that sustainable developments, especially the smart energy internet, becomes far more easy within 
the new context, even when the inherent need for further economic growth seems to be unchanged. Lietaer 
also states that the replacement of one monoculture for the other will have some positive effects, but the 
structural instability is not avoided this way (2012, p.182). However Lietaer does not address the possibility of 
the simultaneous implementation of both positive money and complementary currencies. Because there is no 
reason why they would be mutual exclusive, it is worth investigating their mutual dynamic.   
To what extent the Dutch Citizens initiative of Our money will have actual political feasibility is to be seen.  In 
any case, the Dutch Citizens initiative of Our money has revived the discussion about monetary policy and the 
effects on our social organizing, which seems an utmost important issue for the University of Humanistic 
Studies. What kind or kinds of money we use, and how it is created and regulated is greatly affecting the way 
we organize, what we consider to be valuable and which goals we believe are worth pursuing. Like Eisenstein 
argues, we need to imbue money with the story of value that we want to create, and although we begin to 
make steps toward this, there is still a lot of work to be done. I believe that the University of Humanistic Studies 
could play an important role in the elaboration of a monetary policy that would pursue a sustainable and 
humane society.    
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CONCLUSION PART III: THE RETURN TO OIKONOMIA - A FUTURE OF SUSTAINABLE 
ABUNDANCE 
Is it possible to incorporate the determining principles of the complementary phase to help shape a 
sustainable economy? Which systemic shifts do we need to consider and how can we take steps towards it? 
 
The New Oikonomia is an attempt to reconcile our current economics with the universal pattern in the self-
organization of non-equilibrium thermodynamic systems, and thus striving for an active embodiment of 
society’s complementary phase. The New Oikonomia concerns the whole household (Oikos) of Gaia, meaning 
that the economic system maintains an optimal scale which doesn’t exceed the sustainable planetary 
boundaries. But the New Oikonomia is also connected to its classical meaning, which is; the management of 
the property and wealth of the household so as to increase its use value for all members of the household over 
the long run, in contrast to our current chrematistic based economy. Figure 42 recapitulates the suggested 
systemic shifts toward the New Oikonomia, based on the determining principles of the complementary phase.  
 
 
 
Especially the combination between the Collaborative Commons, the renewable energy internet, automated 
commons, the personal 3D printer, an universal basic income, new currencies and an alternative monetary 
system might result in a future of sustainable and accessible abundance, meaning that there will be enough to 
provide for the conditions for everyone in order to have a happy, healthy and meaningful life.  
Figure 42: Shifts toward the New Oikonomia (Robijn, 2015) 
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CONCLUSIONS AND DISCUSSION  
 
WHAT CAN THE DYNAMICS OF LIVING NETWORKS TEACH US ABOUT OUR CURRENT SOCIO-ECONOMIC STRUCTURE? 
 
- THE HOLISTIC COMPLEXITY PARADIGM OFFERS A NEW PERSPECTIVE ON THE PHENOMENON OF LIFE -  
The holistic complexity paradigm provides an alternative perspective on living systems as compared to the 
reductionist gene-centered perspective of the Neo-Darwinians. Within this holistic complexity paradigm there 
is a renewed emphasis on patterns of relationships (networks) and the existence of complementary wholes. 
Considered against the background of the fundamental laws of thermodynamics, the living network 
configuration can be described as an open dissipative structure which maintains a far from thermodynamic 
equilibrium state through an autopoietic metabolism (pattern of organization) and a responsive homeostatic 
capacity (process). This systemic perspective on the phenomenon of life extends the boundary of the living 
process from individual organisms to the interdependent network of organisms and their environments (eco-
systems and Gaia), suggesting life to be a multi-scale phenomenon.  
- SUSTAINABLE LIVING NETWORK CONFIGURATIONS ARE THE RESULT OF A SUCCESSFUL COMPLEMENTARY PHASE -  
In Part I have investigated the developmental dynamics of living networks toward the sustainable configuration 
of wholes. Charles Eisenstein, Howard Odum and Alexei Kurakin argued that the sustainable configuration of 
wholes is generated by the pattern of competitive and complementary phases as a universal principle of self-
organization. Where the competitive phase is about maximum growth efficiency of individual systems and 
competition between them, the complementary phase is about maximum maintenance efficiency, synergy and 
complementarity between living systems that are able to reduce their internal entropy production. In the 
words of Kurakin, ‘’Where the competitive phase creates and improves parts, the complementary phase 
generates sustainable wholes’’ (2007, p.28). Emerging higher scale wholes tend to generate self-similar 
configurations, suggesting the spatiotemporal fractal of life’s organizational continuum. 
- HUMAN ECONOMIC SOCIETY CAN BE DESCRIBED AS A LIVING NETWORK -  
Traditional economics describes the economy as an isolated equilibrium system. The holistic complexity 
paradigm conceives the economy as an open dissipative structure in a far from thermodynamic equilibrium 
state, and therefore as an interdependent sub-system of larger biochemical cycles of the earth. In addition to 
this generally accepted claim, we have proposed the idea that the development toward increased complexity 
of human economic society can be perceived as an externalization of our internal metabolism into higher 
organizational order. This higher organizational order contributes to lower scale metabolic requirements (such 
as food, water and waste disposal), the stabilization of vital conditions (such as temperature regulation 
(homeostasis), but also socio-cultural homeostasis), and to the maintenance of the higher order organization 
itself (autopoietic metabolism), which can be perceived as a living network configuration (super-organismic 
structure). This means that even though economics deals with uniquely human capacities, which in part 
legitimizes one’s own (independent) household regulations, I’m arguing in accordance with Daly and Kurakin 
that economics is fundamentally grounded within biology and ecology (life science), therefore claiming that 
economic household regulations should not contradict the principles of systemic health and sustainable living 
network configurations.  
- THE CURRENT SOCIO-ECONOMIC STRUCTURE EMBODIES A COMPETITIVE PHASE ON THE ECO-SYSTEMIC SCALE-  
We then turned toward the infinite growth paradigm within the traditional economics. We suggested that the 
combination of abundant energy (fossil fuels), competitive markets as complementary networks, and the 
inherent drive for growth (capitalism and fractional reserve policy) can be perceived as a configuration which 
embodies the competitive phase of development. The availability of energy and the regenerative capacity of 
surrounding ecosystems (relative empty world) supported accelerating growth of this configuration during the 
industrialized age. The continuation of this trend however within the context of a full world,  in which we 
already exceeded the regenerative capacity of the earth (1.5 ecological footprint) and in which (nonrenewable) 
energy will become increasingly scarce (peak-oil), it’s very likely that we will deplete required resources and/or 
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cause the relative stable climate to change. Also former complementary connections on the social level 
(systemic health) seem to be disconnecting, which increases the chance of destabilization and chaotic re-
organization (warfare). For these reasons we have argued that our current socio-economic structure was 
designed for a different age and we suggested applying the scale-invariant developmental pattern of living 
networks (eco-logical) to be the guiding principle for economic sustainability (eco-nomos). In order generate a 
complementary phase between human economic society and the larger eco-systems of Gaia, internal economic 
household regulations need to be discussed and changed.  
- THE NEW OIKONOMIA AS ACTIVE EMBODIMENT OF A COMPLEMENTARY PHASE -  
The return to Oikonomia is an attempt to reconcile the eco-logical pattern of competitive and complementary 
phases within the economic household, which strives towards an active embodiment of the complementary 
phase between human economic society and the bio-chemical cycles of the earth (subsystem of Gaia), and 
recovering the internal complementary connections (systemic health). We have showed that the tendency 
toward increased economic growth is deeply embedded within the systemic heart of the current economic 
system, and that systemic shifts that promote cohesive elements that are required to accomplish the goals of 
the new Oikonomia.  
A. FROM HOMO ECONOMICUS TOWARD HOMO EMPATHICUS 
A shift within our perception of human nature from the isolated, competing and self-maximizing Homo 
Economicus toward a more holistic notion of interconnected and interdependent individuals capable of 
generating and maintaining healthy social networks, which we referred to as Homo Empathicus. This shift is 
required to counter the argument that our current system is a mere emergent and inevitable result of our 
fixed self-interested human nature.  
B. FROM A MONETARY DEMAND-BASED ECONOMY TOWARD A RESOURCE (AND HUMAN NEED) BASED ECONOMY 
A shift from economic demand (monetary wants) toward resources and human needs as the ultimate 
source of value. For if we want to achieve sustainability, we simply cannot continue to exceed the carrying 
capacity of the earth, and we should optimize the sustainable amount of available resources on the basis of 
objective life values for all human beings, present and future, rather than following the monetary demand 
value of the few.  
C. FROM A LINEAR VALUE-CHAIN PRODUCTION TOWARD CIRCULAR AND CO-CREATIVE PRODUCTION  
A shift in linear take, make, throw away production (cyclical consumption) towards a co-creative circular 
production. The consumer, instead of being targeted at the end of the production pipeline, should be 
involved in the creation process and help decide what is required, needed and wanted. The generation of 
these goods and services should then be produced in accordance with the maximized maintenance 
principle (easily updatable and/or recyclable). By doing so we incorporate the function of decomposers 
within the human economy and thereby reduce the pressure on environmental cycles.  
D. FROM A SCARCITY-BASED MARKET EXCHANGE TOWARD AN ABUNDANCE-BASED COLLABORATIVE COMMONS. 
Although the scarcity basis of the economy is still valid, Rifkin suggest that it’s neither necessary nor 
preferable. We are witnessing a technological revolution, so powerful in its productivity, that marginal cost 
are beginning to approach zero, meaning that abundance can be created and that the goods and services 
produced become essentially free of price. Although the capitalist market has an inherent tendency toward 
zero marginal costs, it defies its own logic due to loss of exchange values. The proposed abundance based 
Collaborative Commons, instead of emphasizing scarcity, dependencies and exchange values, emphasizes 
the utility and share value of these commodities, like Wikipedia and the free 3D printing designs on 
platforms like Thingiverse (Creative Commons). The main problem with this is that even the possible 
creation of abundance of (near) free goods and services, does not imply infinite consumption, which would 
contradict the notion of sustainability. How to utilize accessible abundance without overconsumption 
(putting a brake on the consumption of free goods) and without returning to the scarcity principle, remains 
an open question at this point.    
81 
 
E. FROM MERITOCRACY TO BASIC INCOME  
The increased complexity of automation processes obliges us to rethink the current meritocratic premise of 
society. In a world where artificial intelligence and self-learning robotics have become increasingly fast, 
accurate and cheap, we must discuss the fairness of ‘valuable contribution against valuable returns’. The 
lump of labor fallacy suggests that even when new jobs are generated due to the new technologies, they 
will not be preserved for human beings. Although we do not suggest that all human jobs are replaceable by 
automation, we are stressing the fact that automation might cause unemployment to reach unsustainable 
levels in order for society to function. Therefore we discussed the 15 hour workweek, a universal basic 
income and collaboratively owned automation processes as an optional response to this dilemma. This way 
we use the technological revolutions to build a new socio-economic structure rather than trying to 
incorporate the technologies in the existing structure, which doesn’t seem to be compatible. The viability of 
the new structure is questionable and needs further research. 
F. FROM QUANTITATIVE GROWTH TOWARD QUALITATIVE DEVELOPMENT.  
A shift from quantitative growth toward qualitative development. The developmental pattern of 
competitive and complementary phases suggests that living networks, at a certain point, have a tendency 
toward optimization rather than maximization. We agree with Herman Daly that perpetual GDP growth 
(maximization) is also able to generate uneconomic growth wherein ‘bads’ are produced faster than 
‘goods’. The upcoming environmental and social circumstances therefore require new numbers and figures, 
adapted to the goals and challenges of our time. As an example: The Economy for the Common Good is 
continuing to develop alternative ways to measure economic success, emphasizing the utility and ethical 
values of companies (optimization) rather than the one-sided emphasis on financial balance sheets. Though 
the emphasis on financial balances seems to be related with the underlying monetary policy, therefore it is 
insufficient to change only the measurement of economic success.   
G. FROM MONETARY MONOCULTURE TOWARD A MONETARY ECOSYSTEM. 
A shift in the monetary policy of fractional reserve banking is of absolute importance for the return to 
Oikonomia. Like Lietaer, Eisenstein and van Arkel, this research suggest that the current monetary policy is 
inherently contributing to the devaluation of social capital (unhealthy/uncomplimentary competition and 
increased concentration of wealth) and forces the economy to grow exponentially due to compounding 
interest. For this reason, the fractional reserve policy is an important contributor to success of societies in a 
competitive phase, but because this policy is without boundaries (positive feedback) and requires infinite 
continuation, it is also the main counterforce for a successful complementary phase. This shift is linked to 
the classical notion of Oikonomia, suggesting that current chrematistic based monetary policy should return 
to the management of the property and wealth of the household so as to increase its use value for all 
members of the household in the long run. Alternative monetary policies like the ’Positive money Proposal’ 
or the Dutch initiative of ‘Our Money’, in combination with complementary currencies, are more 
compatible with the notions of the New Oikonomia and societies’ complementary phase, thereby imbuing 
money with the story of value that we want to create. The alternative monetary policies do need to be 
discussed, investigated and tested for unforeseen ailments before actual implementation can be 
considered.  
- THE EMPHASIS ON COMPETITION AND GROWTH WITHIN ECONOMICS IS FUNCTIONAL WITHIN THE COMPETITIVE PHASE -  
The main research conclusion is that the holistic complexity paradigm and its perspective on sustainable living 
networks challenge the one-sided emphasis of our current economic paradigm on the perpetuation of 
competition and growth. The holistic complexity paradigm teaches us that competition and growth is 
functional within the competitive phase, but that this is not reflecting the entire natural dynamic. In order to 
generate a sustainable whole, a complementary phase dynamic is required which emphasizes cooperation, 
synergy and complementarity. 
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- EMPHASIS ON COOPERATION AND SYNERGY IS REQUIRED FOR A SUCCESFUL COMPLEMENTARY PHASE -  
The seven interconnected systemic shifts are proposed on the basis of what we have learned from the 
determining features of the complementary phase, such as cooperation, synergy, efficient cycling of energy 
and materials, low internal entropy production and abundance. Incorporating these elements into economic 
society will be challenging, since many contradictive features exist within the traditional economics, but 
changing them will be of the utmost importance if severe threats to social stability, prosperity and 
sustainability are to be avoided during the 21st century.   
 
Figure 43: Conceptual framework (Robijn, 2015) 
DISCUSSION:   
The holistic and macroscopic perspective allows us to include in our discussion a wide range of topics, which is 
of crucial importance because many of the discussed problems are deeply interrelated and cannot be looked at 
or solved independently. For this reason I have chosen to emphasize interconnectedness between different 
systemic elements rather than focusing on just one or the other. Because this method involves abstractions, 
(recurrent) patterns and interrelatedness, it lacks detailed, concrete, nuanced and in depth discussions. From a 
reductionist and analytical scientific view this may raise questions about the scientific value of this research 
and the validity of the conclusions. My research objective however was not about analyzing clear causal 
relationships, but about writing a critical reflection on the infinite growth paradigm of the traditional economic 
model, based on the exploration of the dynamics of sustainable living networks. The proposed systemic shifts 
represent considerations and possible directions for incorporating the eco-systemic logic for sustainability into 
the current economic paradigm and lays out the emerging conceptual framework (figure 43).  
This type of interdisciplinary and macroscopic research should be considered to be a way scientific method to 
perceive the interrelated wholes, which should be reviewed, complemented, or rejected by more detailed 
analysis, discussion and in-depth investigation by its constitutive subjects.       
This research only sketch the new Oikonomia as the active embodiment of society’s complementary phase, it 
should be clear that it requires extensive elaboration and investigation in order to make it a viable 
complementary alternative to modern day market capitalism. The difficulty is that many things work very well 
within market capitalism and only a hand full of issues seem to cause immediate problems. However solving 
these problems are essential for maintaining long term prosperity. Because these issues are rooted in the 
foundations of market capitalism, alternative systems that attempt to solve these issues are confronted with 
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their own. A resource and abundance based collaborative commons might maintain prosperity for all within 
sustainable limits, but it reduces personal freedoms and has difficulties in allocation of scarcities. It should be 
noted therefore that the New Oikonomia is not to be conceived as a perfect society, which simply doesn’t exist 
from an organic complexity perspective. It is to be conceived as adaptation from our collective responsive 
capacity to the pressing social and environmental issues of our time, which will simultaneously generate new 
challenges.  
FURTHER INVESTIGATION: How can we make the transition of society to a complementary phase: The New 
Oikonomia? Jan Rotmans and Derk Loorbach argue that transitions within complex systems like a social system 
occur when the regime (defending the existing order) is pressured by macro-scale landscape changes like 
climate change, which offer viable alternatives within micro-scale niches (Rotmans, 2012, p.235-251). I’m 
particularly interested in the possibilities of the Economy of the Common Good movement to start a bottom-
up stimulation connecting these alternative niches. I would like to investigate how the Economy or the 
Common Good movement could actively stimulate the suggested systemic shifts toward: a) the Collaborative 
Commons, b) the implementation of the renewable energy internet, c) 3D printing technologies, d) sharing 
networks, e) collectively owned automation, f) basic income, g) alternative currencies and a change in the 
conventional monetary system.         
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